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INTRODUCTION 

INTERLOCKING is of English origin, numerous patents 
having been granted in England for manually operated 
interlocking devices from 1856 to 1867, at which later 
date was first disclosed by Saxby a satisfactory means for 
obtaining what is now known as "preliminary latch locking." 
The rapidity with which this valuable system was adopted in 
England ia indicated by the fact that six years later, in 1873, 
13,000 mechanical interlocking levers were employed on the 
London & Northwestern Railway alone, at which time not a 
single lever wafl in use in the United States, the first experi- 
mental installation having been made in this country by 
Messrs. Toucey and Buchanan at Spuyten Duyvil Junction, New 
York City, in 1874, and the first important installations on a 
commercial basis having been made by the Manhattan Elevated 
Lines of New York City with machines of the Saxby-Farmer 
type, built by the Jackson Manufacturing Co. of Hatrisburg, 
Pa., in 1877-78, 

Very soon after American railways had gained a little experi- 
ence with mechanical interlocking plants, it was felt that 
there were many situations where great economies could be 
effected and more satisfactory operation obtained if switches 
and signals could be successfully worked by power instead of 
manually. For precisely the same reason — viz: saving of 
labor — ■ that English railways were first led to concentrate in 
a single frame the theretofore widely separated levers for the 
operation of switches and signals — thus leading up to the 
idea of interlocking — so the much higher cost of labor in the 
United States than in England caused the American railways 
to demand an interlocking that would aSord means for operat- 
ing switches and signals over greater distances and with fewer 
operatpra than were required under the English metliod. 
The first concrete response of the American inventor to this 
demand was the Hydro-Pneumatic Interlocking installed 
in 1884 near Bound Brook, N. J., at the crossing of the 
P. & R. and L. V. R. R. From 1884 to 1891, eighteen Hydro- 
Pneumatic plants, havii^ 482 levers, were installed on six 
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railways, but this Bystetn having developed many serious 
defects, its inventors devised and in 1891 installed the first 
electro-pneumatic plant at the Chicago & Northern Pacific 
Drawbridge, Chicago. In the following ten years, there 
were ordered — up to June 1, 1900 — fifty-tour electro- 
pneutnatic plants, having 1,864 levers, for use on thirteeai 
railways. It was felt at this time that while power interlock- 
ing had been proven to be usable with advantage in a few 
important situations, it fell far short of accomplishing all that 
was desired and required of it by the railways, and it was even 
then believed by some engineers that owing to certain defects 
and limitations inherent in the electro-pneumatic principle 
itself, some safer, more reliable and economical system would 
have to be developed before power interlockii^ eouH, with 
wisdom, be more generally employed. 

Just at this time (May, 1900) a company was formed to 
develop and exploit the electric interlocking patents now 
owned by the General Railway Signal Company and embody- 
ing the now well-known "dynamic indication" principle. In 
1901 this Company put in service its first electric interlocking 
plant employing the dynamic indication, at Eau Claire, Wis., 
on the C. St. P. M. & O. R'y. As might have been expected. 
in view of the newness of the idea, and of the Company exploit- 
ing it in oppoffltion to an old-established and rich competitor, 
its progress was slow; but, the idea being right, its progress 
has been steady and sure, with the result that in the eleven 
years since its first plant went into service, it has furnished tar 
use on eighty-three railways in thirty-five Slates and Provinces 
of the United States and Canada, 440 of these plants, having 
21,370 levers. In the sixteen years from the installation of the 
first commercial pneumatic machine, during which time no 
competitive power interlocking machine was on the market, 
the average annual sales were four and five-tenths machines 
and 147 levers. In the eleven years following the installation 
of the first commercial dynamic indicating electric intei'lock- 
ing machine, and in competition with all other types of 
power interlocking, our average annual sales have been 
forty machines and 1,943 levers. With but few exceptions, 
American railways requiring power interlocking now exclu- 
sively specify the "all electric," and while the success achieved 
-vith our "dynamic indication" system has led a number of 
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companies to devise and offer electric systems, it is believed 
conservative to state that much more than 90 per cent, of 
all the electric interlocking in use in the United States is of 
our manufacture. A more exact statement of po'centage 
cannot be given tor the reason tiiat, so tar as we have been 
able to ascertain, other makers of power interlocking plants 
have not in recent years seen fit to give publicity to the num- 
ber of power plants and power levers installed by them, though 
prior to our advent in this field such statements were fre- 
quently published. It can, however, be positively st&ted 
that more of our electric plants and more electric levers have 
been installed on American railways in this past ten years 
than of ail other types of power interlocking in the past twenty- 
eight years. 

An evolution so rapid, extensive and radical as tliis cannot 
tail to surest an inquiry into its causes and what bearing 
they may or should have upon the interlocking pracdce of the 

Dxiring the annual meeting of the Railway Signal Associa- 
tion at Buffalo in October, 1901, one of the principal questions 
discussed was, " At wiiat leverage is it economical to install 
power interlocking rather than mechanical." The consensus 
of opinion then seemed to be that power plants m^ht be 
economically used where and only where, on account of the 
size of the machine or density of traffic or for any other reason, 
more levermen would be required to operate a mechanical 
than a power maciiine. At that time the writer hazarded 
the opinion that in the course of time mere size of plant and 
density of traffic would cease to be generally regarded as the 
sole or even aa very vital factors in arrivii^ at a choice between 
power and mechanical interlockings ; that signalmen who were 
at that time obl^ed to compare the advantages of mechanical 
interlocking with those of the only power interlocking with 
which they then had experience, the electro-pneumatic, might 
reasonably be expected to change their views very materially 
when they came to be familiar with the advantages of "all 
electric " interlocking. How far this forecast, which was then 
regarded by many able, experienced signalmen as visionary, 
was warranted may be jutted by an examination of tables in 
this handbook showing hundreds of small and medium ^zed 
elecbic interlocking plants installed by us in the decade that 
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has elapsed Hiace then, thus affording evidence that not only 
is electric interlocking rapidly displacing all other types of 
power interlocking but that it is being largely and increasingty 
used where formerly nothing but mechanical interlockiDg 
would have been considered. The writer bdieves now as he 
believed ten years i^ that certain of the important reasons 
for this change are found in the following facts: 

Entirely aside from considerations of economical operation 
that obviously demand the usage of power interlocking at all 
points where more than one leverman would be required for 
the operation of a mechanical plant, or where train movements 
are so numerous as t^ make the operation of such a plant too 
great a physical strain upon the operator, there are other and 
equally important features to be considered with respect to 
every proposed new interlocking, chief of which is the (act 
that no purely mechanical interlocking ever devised is any- 
where near so safe as is the dynamic indicating electric inter- 
locking. In spite of the now general recoginition of this fact, 
it must be remembered that it was only as the electric inter- 
locking came to be commonly used and its safety features to 
be compared with those of straight mechanical interlockiag 
that the defects and dangers of the latter became «nphasized 
by the contrast. Thus, beginning about ten years ago, the 
realization of this fact by skilled signalmen led them, at first 
slowly but as time has gone on more and more rapidly, to one 
of two practices, via; the use, on the one hand, of electric 
interlocking, pure and simple, or, on the other, adding to 
mechanical interlocking all sorts of electrical apparatus and 
circuits. Where the latter expedient is adopted, the resultant 
composite plant requires a maintainer combining the experience 
of a mechanic and of an electrician, and such men are not 
numerous. Fifteen years ago the number of young men who 
had even a rudimentary knowledge of electrics was small; 
but — owing to the enormously increased employment of elec- 
tricity in telegraphy, telephony, lighting, manufacturing and 
transportation; to the institution of simple courses in elec- 
tricity in trade, industrial and correspondence schools; and to 
the fact that it is easier and takes much less time to acquire 
a usable working knowledge of electrics than to become a 

'-ly skilled mechanic — most railways now find it possible 
qrocure, at the prevailing wage rate, men capable of 
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maintainii^ electrical ratb^ than mechanical installations — 
particularly since the automobile and kindred industries have 
created such an unprecedented demand, at high wages, for 
mechanics. 

Another fact having an important bearing on this phase of 
our subject ia this : American block signal practice, like its 
interlockii^ practice, was originally copied from the EBgtiafa, 
who employed the manual system. In block signaling, as was 
the case in interlocking, the American demand for labor 
saving devices early led to the invention of power operated 
automatic block signals, the first of which to be employed 
on a considerable scale were of the pneumatic type. Now, 
in automatic block signaling, as in interlocking, the electric is 
almost entirely supplanting the electro-pneumatic, and few, if 
any, American railways are now considering anything but 
electric signals for new block work. Such signals are now 
used on upwards of 35,000 miles of American railway, and 
large additions are being made thereto annually. It will 
lardly be denied by any engineer skilled in s^naling that 
every interlocking plant located in automatic, electric, block 
signaled territory should be electric, since, it tor no other 
reasons, it can be more simply installed, more economically 
muntained and more reliably operated than a mechanical or 
any other type of interlocking which would require the mixing 
in with the necessary electric block devices of other types of 
apparatus requiring maintainers and repairmen having needed 
training in two or more trades rather than in one. This is a 
consideration, which, quite apart from that of maximum 
safety, has led many lailways to the installation of a great 
deal of electric interlocking in automatic block signaled dis- 
tricts and which is influencing them and others to take like 
action where automatic block signalii^, though not in inune- 
diate prospect, may be put in within a few years. 

Thus it has come to pass that of the railway men who still 
feel that the mechanical interlocking when provided with 
various electrical adjuncts may be made to be almost if not 
quite as safe as the "all electric plant," more and more are 
coming to realize that simplicity, economy and reliabiUty 
demand the usage of the electric interlocking in preference to 
any others, particularly as a mechanical plant, even wh" 
equipped with the most elaborate system of electrical adjun 
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has not chained its nature but still remains a mechanical 
plant, subject to most of the operating difficulties inseparable 
from Buch a plant. 

Another situation that has largely influenced the adoption 
of electric interlocking is the following: Up to the time of 
the introduction of electric interlocking, it was the rule, rather 
than the exception, for American railways to operate from 
interlocking machines at ordinary crossii^ and junctions 
such switches as were within 700 to 800 feet of it, but not to 
Operate or adequately signal more distant switches. Where 
any connection existed between such distant switches and 
tlie interlocking it was usually no more than that established 
by having an electric circuit controller on such a switch by 
means of which an electro-magnetically slotted distant signal 
alone was prevented from giving its proceed indication when 
the switch was open between it and the home signal. It 
was claimed by the railways, not without reason, that it 'was 
too difficult and costly, and in some instances impossible, to 
satisfactorily operate such switches from a single machine 
and that it would be the height of folly for them to install one 
or more additional machines merely for the sake of operating 
these switches, the interlocking of which would not have been 
at all considered at the moment except for their proximity to 
junctions or crossings they were obliged to interlock. Gradu- 
ally, however, for one or another reason, American practice is 
coming more and more approximate to that of Ei^land, , 
where every main line switch on a passenger carrying road has 
to be properly signaled and interlocked, and coincident with - 
and probably largely responsible for this changed attitude of 
the American railways is the now almost universal recognition 
of the fact that electric interlocking alone affords the means for 
successfully accomplishing this in the United States without 
excessive cost for both installation and operation. Many of 
our electric plants have for years satisfactorily operated 
switches, together with their allied signals, located from one 
to six thousand feet from the interlocking machine, some- 
times with tunnels or other obstructions to view, intervening 
between the interlocking station and the switches. In fact, 
as temperature changes, no matter, how great or how sudden, 
do not in any degree affect the operation of our electric 
nlants, they being absolutely free from such disorders as, in a 
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mech&nical plant, occur because of contraction or expansion of 
parts connecting the interlocking levers with the awitcbes 
and signals, and as the "dynamic indication" featuTes and the 
"Uluminated track diagrams " make it wholly unneceasary for 
the operator to see tracks, trains, switches, or signals — there 
is absolutely no limit to the distance at which such switches and 
signals can be safely, reliably and expeditioualy worked by means 
of our electric interlockii^. As an illustration, it may be 
of interest to note here that by far the largest interiocldng plant 
in the world, one of our dynamic indicating type, at the Grand 
Central Terminal of theN. Y. C. & H. R. R. R.,New York City,i8 
opiated most successfully under conditions where it is impos- 
sible to have any view from the interlocking station of trains, 
tj-acks, switches, or signals. 

It would be poadble, as is recc^nized by all who have closely 
observed and carefully studied the trend of American signal 
practice for a score or more of years, to cite almost number- 
less additional conditions each of which has had some part, 
big or little, in determining why it is that electric interlocking 
has been and ia being increasingly installed in units varying 
all the way from four to four hundred levers; why it ia 
used with equally satisfactory results at smaU junctions, 
yards and crossings where traffic is light ; at hundreds of 
points of medium traffic where machines of from dxteen 
to forty-eight levers are required and at the busiest and 
largest terminals; but such a citation would be long, and after 
all, the whole matter can be briefly summed up by ^ying that 
the reasons why more of our dynamic indicating electric inter- 
locking machines have been installed in the last ten years 
than of all other types of power interlocking in the past twenty- 
eight years, and why they are being so largely employed 
where formerly only mechanical machines would have been 
considered are — that experience has fully demonstrated that 
wherever and under whatever conditions of traffic or climate 
OUT dynamic indicating electric system has been tried it has 
been found miperior to every other type of interlocking, in 
^ety, reliability, economy and rapidity of operation and in 
its adaptability to every present and prospective need of the 
user. For these reasons, the writer hazards the prediction 
that within the n^xt ten years many important America'- 
railways will closely approximate to a condition where evr 
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block signal and every interlocking machine, large and small, 
over long atxetches of their main linewill be controlled, operated 
and lighted by power supplied from central energy stations, 
and where, in consequence, mechanical or any other than 
electric interlocking will be almost as much a thing of the 
past as is the "horse car" on the street railways of to-day. 
To such readers as may be inclined to regard this forecast as 
wild or visionary, the writer suggests the perusal of the preface 
prepared by him for the 1902 Electric Interlocking Catalogue, 
and that this may be readily done, that preface is reprinted 
herein (see p^e 405). After noting the forecasts made in 
1902 and finding that every claim therein advanced for the 
then newly introduced electric interlocking system has been 
fully met and that its general adoption has more than realized 
the most sanguine expectations then entertained for it — the 
reader may be leas inclined to be over skeptical as to the pre- 
diction made for the coming decade. 

To meet the requirements of the many present and prospec- 
tive users of our dynamic indication electric interlocking, we 
have prepared this Handbook, wherein it is sought to furnish 
data that will be useful to all those seeking a true understanding 
of the dynamic indication principle, and to those who are 
required to prepare bills of material for, or to install, operate 
or maintain our electric interlocking. 

w. w. s. 
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SBTTINQ FORTH THE PRINCIPLES IN- 
VOLVED AND GIVING A BRIEF DE- 
SCRIPTION OF THE APPLIANCES USED 
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G. R. S. ELECTRIC INTERLOCKING 

SYSTEM 

Rbquisites of a Properly Designed Interlockinq 



INTERLOCKED switch and signal appliances were first de- 
vised and used at junctions and terminal pointa tor the pur- 
pose of reducing the number of men employed to go rrom 
switch to switeh, tlmjw them by hand and then give a. hand sig- 
nal for the train to proceed over the route thus lined up. It was 
aoon found that operatingthe awitchea and signals from a central 
point under the control of the levers in an interlocking machine 
greatly expedited the handling of traffic. By far the greatest 
accomplishment of interlocking, however, was the addition ot 
an enormous factor of safety at such points to train operation. 

Inherent in the system of mechanical interlocking which 
first was employed to control the switch and signal functions 
were certain recognized shortcomings as regards safety and 
facility of operation. 

Systems of power interlocking in the field prior to the intro- 
duction of the electric dvnamic indication system, now owned 
and manufactured by the General Railway S^jnal Company, 
although giving increased facility of operation, did not and 
do not provide the greatest safety obtainable with this increased 
facility. 

The features of vital importance in considering the merits 
of any syatem of power interlocking are those which are 
desogned to give the greatest measure of safety together with 
facility of operation. The two features mo^ important to 
safety are: 

Finl — The means provided to check the correspondence 
of movement between lever and the switch, signal, or other 
function controlled by it. 

Second — The means for preventing unauthorized move- 
ment of switches, signals, or other controlled functions. 

The reliability of the means by which the above protection is 
secured detennines more than anything else the safety of a 
given system of interlocking. In fact, this is so vital tnat an 
int^locKing plant without a thoroughly dependable system 
for insuring correspondence between i^ levers and the operated 
functions, and for preventing ^he unauthorized movements of 
such functions, ia ansolutety unsafe. 

The G. R. S. electric interlocking sj^tem fully meets the 
first iniporto.nt requirement of checkmg the correspondence of 
movement between lever and operated function hy means of 
the dynamie indication, energy for which ia furnished by a 
momentary dynamic current generated by the motor of the 
operated function itself when and only when the actual opera- 
tion of such function shall have been properly completed. 
Contrast this with systems employing A, C. or battery 
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indication, in which the indication is secured from energy 
existent at the function prior to and during the movement of 
that function and dependent only on the closing of a single 
break in the indication circuit. 

The use of the dynamic current, generated by the moment 
turn of the motor of the operaJ^d unit at one end of IM circuit 
and BO eiving the desired indication at the lever at the other end 
of Oie circuit, prevents the receipt of a false indication due to .a 



cross between the wires of the circuit, and is, therefore, correct 
in principle. 

The unauthorized movement of switches or derails, or the 
improper clearing of the signals is prevented by a simple and 
effective method of cross protection, the basis for which is 
inherent in an electric interlocking system using dynamic 
indication. It is a notable feature that the second require- 
ment is met by a means in which all the contacts required for 
this protection form a part of the operating circuit, thus check- 
ine; tneir integrity at each operation. 

'n order to fully consider the advantages of the G. R. S. 
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El-EMENTS OP G. R. S. ElECTKIC INTERLOCKING 

System 
A complete installation of the General Railway Sig:nal Com- 
pany's electric interlock! ag system comprises the following 
elements: 
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Second — Power control apparatus introduced between the 
source of power and the interlocking machine. 

Third — An interlocking machine with levera for the control 
of the switch and signal mechanisms. 

Fourth — Switch mechanisms, their operating and indicat- 
ingcircuits. 

Fifth — Signal mechanisms, their operating and indicating 
circuits. 

Sixth — Means for the prevention of unauthorized move- 
ment of any function. 

In connection with such a system may be installed such 
accessories in the way of track circuits, detector locking, 
route locking, indicators, annunciators, etc., as may be de- 
sired at each individual installation. 



GENERAL RAILWAY SIGNAL 



Source OF Power 
The source of power, from which the G. R. S. ajratem 
of electric interlocking is operated, consists of a storage 
battery having an approidmate workii^ potential of 110 
volts, this battery being charged by a power generating 
unit, which frequently is a generator dnven by a smaU 
gasoline engine. 



Power Control Apparatus 
Power is delivered to the interlocking machine under the 
control of protective apparatus, mounted on suitable switch- 
boards. 

Interlocking Machine 
The operation of each switch and s^nal function is controlled 
by levers, which with their respective locking tappets, indica- 
tion maznetfi and circuit controllers, are mounted in a common 
frame, tne whole being known as an interlocking machine. 

Starting with the lever in either of its extreme positions, 
the stroke of the lever is divided into two movements. The 
first movement locks all levers conflicting with its new position 
nd operates the [unction. The second and final movement 
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of the stroke releases such levera, hitherto locked, aa do not 
conflict with ita new position. Except in the reverse position 
of a Edgnal lever, this final movement can be made after, and 
only after, the dynamic indication has been received certifying 
that the operated function has assumed a position correspond- 
ing with that of its lever. 

Switch Mechanism — Its Operating and Indicating 

Circuits 

Each switch and derail is thrown and locked by a switch 

and lock movement driven by a series wound direct current 



Fio. 4. Model 4 Switch Machines Hf.n Bkiuoe. Tower "A." 
EuicTttic Drviaios, N. Y. C. & H. R. R. R. 

motor. Two wires are used for its control, one for the normal 
and the other for the reverse operation. These same wires 
are used for indicating purposes, the normal control wire being 
used for the reverse indication and the reverse control for the 
normal indication. The circuit is connected to main common 
at the switch location. 

The circuits for a switch are shown in simplified form in 
Fig. 5, the operating and indicating currents in the different 
diagrams being shown by the red lines. 

When the switch (normal position) is to be operated, the 
first movement of the stroke of the controlling lever carries it 
as far as the reverse indication position and permits current to 
flow as shown in Fig. 5B, which causes the mechanism to move 
the switch points to the reverse position and lock them in 
that position. When this movement has been completed t> 
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circuit through the switch motor is automatically changed, 
disconnecting the motor from battery and connecting it m a 
closed circuit including the indication magnet (Fie. 5C) ; at the 
same time the annature terminals are reversed for indication 
purposes, this leaving the motor connections in proper position 
lor the next operation. The motor (now a generator) with 
the momentum acquired during the operation of the switch 
movement, generates a momentary current which energizes 
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the indication magnet, thus permitting the final movement of 
■ the lever to be completed (Fig. 5D). 

The operation of the lever and function from the reverse to 
the normal position is accomplished in the same manner. 

A useful feature, not usually obtainable in other power sys- 
tems, is that the movement of the switch points may be re- 
versed at any portion of their travel at will by the operator, 
and the lever movement completed upon the switch points 
assuming a position corresponding with that of the lever, 
irreroective of the direction of the first movement made bv 
the lever. 

The complete switch operadon and final 
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lever may be accompliahed in from 
two to two and one-half seconds, 
the indication being practically 
instantaneous with the completion of 
the switch operation. 

Signal Mechanism — Its Opera- 
ting AND Indicating Circuits 
The description of signal mechan- 
isms will be confined, to the non- 
automatic, two position signal, as this 
will show the principles involved in 
all types of motor driven signals now 
used m the system. 

This signal is op era te d by a 
mechanism in which the motor is 
directly connected to the semaphore 
shaft through low reduction gearing. 
The signal is held at proceed during 
such time as its controlling lever is 
in the reverse position solely by a 
dense magnetic flux thrown across 
the air gap between the motor arma- 
ture and the field pole pieces (holding 
field pole surfaces are serrated) by 
cutting the windings on the holding 
field poles in series with the operating 
field windings. 

Each signal rei^uires for its opera- 
tion and indication one wire and a 
connection to the common return wire. 
A simplified circuit for this type of 
signal is shown in Fig. 8, the path 
taken by the operating, holding, and 
indicating current in the different dia- 
grams beii^ shown by the red lines. 
aT of the controUii^ lever, the signal 
I receive current as shown in Fig. 8B, 
to move the blade to the proceed 
in the signal blade has assumed this 
Ircuit breaker cuts in series with the 
[ and armature, the high-resistance 
thereby retaining - the signal arm at 
fC). The holding field windings have 
'., which reduces the current to that - 
employed for nolding the signal at proceed. 

When the signal lever is placed in the normal indicating 
position, ene:^ is cut off from the motor and the blade returns 



nd motor armature to revdve backward to their original 
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position. Juat as the blade reaches the stop position the 
action of the circuit breaker connects the motor armature and 
operating field into their original closed circuit <Fig. 8D), in 
which is included the indication magnet. Due to its aciiuired 
momentutn the motor (now a generator) produces an indica- 
tion current in this circuit which permits the controlling lever 
to be moved to the full normal position (Fig. 8B). 

It is universal practice to indicate the signal lever in the 
normal position only, this insuring that the signal blade is in 
the stop position before releasing any of the switch levers in 
the route governed. No safety features are sacrificed if the 
signal faib to assume the proceed position upon revereal of its 
controlling lever. 



First — The indication is not secured from enei^y existait 
at the function prior to the movement of that function and 
dependent only on the closing of a single break in the indica- 
tion circuit, as b the case m A. C. and battery indication 
systems; but being a dynamic current generated by the mo- 
mentum of the motor, it can be eecured oiiiff after actual opero- 
twm of ike function. 

Second — The energy for the indication is developed at one 
end of the circuit and the indication m^net is located at the 
other ; hence a cross between wires presents indication, whereas 
in systems which use the battery in the interlockii^ station 
for mdication a cross tends to cause indication. 

Third — No extra power is required for indication. 

Fourth — The indication current ceases automatically with 
the stopping of the motor and, therefore, no auxiliary devices 
or operations are necessary to cause it to cease. 

Fifth — No additional wires are required for indication. 

StiUi — The generated indication current automatically 
"snubs" the motor and causes it to stop without shock and 
without the use of buffers, springs, or auxiliary snubbing 
circuits. 

Seventh — The indicating circuit is automatically checked 
as to its integrity every time an indication is received, and 
being a closed circuit of low resistance around the motor, it 
shields the motor while at rest from all foreign currents. This 
inherently provides the foundation for the simple and effective 
cross protection system employed with the G. R. S. electric 
interlocking. 

Means for the Prevention of Unauthorized 

Function Movements 

The cross protection system prevents the unauthorized 

movement of any switch, signal, or other function due to 

enei^ improperly applied to its circuit through a cross between 
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wires, by eutting off current from the function in the event of 

As explained under "Dynamic Indication," all functions are 
normally on a closed circuit of low resistance. Connected in 
each of these circuits is a small polarized relay through which 
all operating and indicating currents must pass in a direction 
to maintain the relay's contact closed, while all currents from 
an unauthorized source must pass in the opposite direction 
thus instantly opening the contact. Through all these con- 



tacts in series is controlled the retaining magnet of an electro- 
mechanical circuit breaker, which is introduced into the power 
mains between the storage battery and the interlocking ma- 
chine. Hence, a cross onto the circuit of a function at rest, 
by opening the contact of its polarized relay, opens the electro- 
mechanical circuit breaker, cuts power off from the interlocking 
machine and thereby prevents any improper movement of 
the function. 

In a simple plant a single electro-mechanical circuit breaker 
is ordinarily installed, this preventing the movement of all 
functions at any time the circuit breaker may be open. Where 
traffic conditions warrant the increased expenditure, additional 
circuit breakers may be provided to permit of dividing th 
plant into as many sections as may be desired. 
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The design of the circuit breaker is such as to make it impot 
aible for a levemmn (thoughtlessly or through ignorance) t 
prevent it from performir^ its function. 



First — All contacts and connections depended upon for 
cross protection are either on closed circuit or are used for opera- 
tion and indication, so that any failure of these contacts and 
connections, which would impair their usefulness as a croas- 

g'Otective medium, also prevent operation and indication, 
ence they are under a constant, automatic check without the 
use of any extra contrivances for this purpose. 

Second — Wire insulation is not depended upon tor cross 
protection. This system at certain mstallations has given 
years of safe operation with wire, the insulation of which does 
not measure up to the usual standard. 

Third — The cross protective apparatus conflists of the polar- 
ized relays and apparatus on the operating board; no wire or 
additional appliances are required outside of the station to 
secure this protection other than the simple apparatus already 
installed for the operation of the various functions. 

Fourth • — The switch and signal motors, being of low remst- 
ance, require a current of several amperes for tneir operation; 
therefore, a cross to produce the operation of any function 
must be of very low resistance. Thus it will be seen that the 
system is not sensitive to the effect of crossed wires. Not^ 
withstanding this fact, an efficient system of cross protection 
is provided in the G. R. S. system. 

Conclusion 

The comparative value of different systems of interlockii^ 
may be accurately determined by a consideration of but four 
essential factors. These four factors must be present in any 
interlocking system to warrant its use. They are: Safety, 
Facility, Heliabiliiy, and Economy. 
Safety. 

The factor first demanding consideration is that of safety. 
This essential of an interlocking system overshadows all other 
considerations, and in the ideal system the safety muat be 
absolule. The G. R. S. electric interlocking with dynamic 
indication provides a factor of safety that is the closest approxi- 
mation to the ideal knovm to those skilled in the signahng art. 
This is verified by the statement made by a disinterested 
committee in an able report based on a study of various t^es 
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upon the existence of a positive, reliable indication of corre- 
spondence between the position of a lever and its controlled 
function. » + * the Taylor (G. R, S.) system meets 
even this requirement. In fact it insures absolute reliability 
of indication by employing the motor as a means for generat- 
ing the required current as explained above — so that it is 
certain that the indication given cannot ever be due to de- 
fects in wiring. Then, this indication having been received 
in the interlocking station, it establishes a control which is 
permanently maintained by a source of energy located in 
the station. Moreover this permanent control utilizes identi- 
cally the same circuit that is employed in the normal operation 
of the function; in consequence, the circuit used is one that 
must be maintained in good, operative condition for each 
movement of the function. 

It will therefore be seen that by virtue of this arrangement, 
the Taylor (G. R. S.} system insures pennanency of indica- 
tion ; that it is economical since it utilizes the operating source 
of energy located in the station, and that it is absolutely 
trustworthy since it is in no sense subject to any danger from 
crossed or grounded wires." 

Faciiity. 

The facility offered by any given interlocking system dei>ends 
largely upon: first, the rapidity of operation of the individual 
functions, and second, its capabilities for permitting simulta* 
neous operation of a number of functions. In such a ^stem 
the amount of time required to move trafGc is reduced to a 



By incorporating the above two features in the design of the 
system, the G. R. S. electric interlocking fully meets all 
demands for facility of operation. This has been repeatedly 
proven by the performance of the system at points where 
the traffic conditions have imposed the most exactmg operating 
requirements. 



The reliability of an interlocking system ia primarily de- 
pendent upon the fundamental principle underlyme its opera- 
tion, and in general it may be said, without fear ofcontradic- 
tion, that unless the principle is simple, it ia not correct. The 
correct principle having been adopted, the reliability of the 
system then depends upon a proper design of each and every 
part of the devices usea to put the principle into practice. 

It is recognized that the principles of operation of the G. R. S. 
interlocking are correct, and the circuits simple to an extreme 
degree, no radical changes having been made in either since 
the introduction of the system. The parts of all apparatus are 
strong and rugged, and capable of performing their functions 
without undue wear and tear; turtliermore, the design of all 
parts of the apparatus baa been so very carefully perfecte-" 
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during Bome twelve years' experience that their form now 
represents the very best ei^neering practice. 

As an example of the ayatem'g reliability of operation, 
records published by an important railroad covering a period 
of one year show a total of 2,615,406 switch operations, in 
which tne number of imperfect operations were so tew that 
they did not exceed one to every 186,814, and the total traffic 
detention tor the year was only seventy and one-half minutes. 
Economy. 

Due to the correct des^pi of the apparatus and resultant 
lon^ life of same, the cost of renewals is practically negligible. 
This, together with the marked simplicity of the circuits, 
insures a cost of maintenance much less tnau in any other 
^^em of interlocking. The cost of operating also snows a 
corresponding economy, not only by the fewer number of 
men required for the operation of the power system as com- 
pared with the mechanical system, but also ra the cost of 
power when compared with other power systems. Carefully 
Kept railroad records show that the power cost is but one cent 
for 300 to 400 switch and signal movements. 

A most minute analysis and extended description of the 
merits and advantages of any given system of interiocking 
fails to be convincing unless the truth of all the statements 
are thoroughly substantiated. That the above statements 
concerning the G. R. S. electric interlocking system must 
be true, is shown by the well nigh universal adoption of the 
system, both tor large and for small installations. 

Four hundred and forty installations have been made or 
are under contract on some eighty different railroads in all 
parts of the United States and Canada, a considerable num- 
ber of plants also having been installed in Europe. On the 
basb that one interlocking lever in use tor one year equals 
one lever year, the G. R. S. system now shows a reconi of 
110,000 lever years. 

The satisfactory operation of these installations, large and 
small, under widely varying conditions of both climate and 
traffic, is a most convincing demonstration that every demand 
for an interlocking system has been met in a most satisfactory 
manner by the G. R. S. electric interlocking. 
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G. R. S. ELECTRIC INTERLOCKING 

APPLIANCES 



GIVIXG A DESCRIPTION OF THE AP- 
PLIANCES USED AND THEIR METHOD 
OF OPERATION 
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INTERLOCKING STATIONS 
The Interlocking Station 

THE interlocking station, from which the various switch 
and signal functions of the plant arc operated, la usually 
a two-story building similar in appearance to those used at 
mechanical plants. The station does not require the same heavy 
construction used in mechanical work on account of the fact that 
the movement of the levers of the electric interlocking machine 
puts absolutely no strain on the building. It should be noted 



in this connection, however, that the frame building generally 
used in the earlier installations is of late years being lai^ely 
supplanted by the more substantial brick or concrete structure. 

Size of the Building 
The station can be much smaller than that required for 
mechanical plants of the same number of functions due to the 
smaller size of the interlocking machine. The length of the 
building is usually determined by the size of the interlocking 
machine; the width, however, is generally in excess of that 
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larger installations to provide room for a train director and 
telegraph oiierator. 

When it is desired to have shops and Btorerooma located 
in the interlocking station, the machine ceases to be the 
det^*niining foctor in the size of the building, unless the 
additional space for these rooms is secured by using a three- 
story buildmg as in the case of the Lake Street Station 
shown in F^. 18. It is also true that on small plants the 
location of the storage battery and power apparatus in the 
lower story of the station is apt to make it necessary for 
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Arrangement op Apparatus 
The different methods of arranging the apparatus in the 
station is shown by Figs. 11, 13 and 15, which may be 
taken as typical of small, intermediate and large sized stations 
respectively. By reference to these illustrations it will be 
seen tJiat the, general practice is to locate the interlocking 
machine, the operating switchboard and such accessory appa- 
ratus as track diagrams, indicators, etc., on the top floor, the 
storage battery in a room by itself on the lower floor, and the 
chareii^ apparatus on the same floor with the battery or in 
builtSng separate from the interlocking station. 
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Points to be Noted 

The design of the building should be such that the floora 
will be sufficientlj' r^d to properly support the machine. 

Wherever possible the general i»raetice is to have the operat- 
ing room liberally supplied with windows to permit the operator 
to have a clear view of the tracks throughout the plant. 

It is highly desirable that the conduits or ducts provided (or 
the runs of electrical conductors about the tower should be 



of sufficient capacity to have 25 per cent, spare space after 
all wiring is in place. 

No special foundations are required for the apparatus used 
in an electric plant, except wh^n the chai^ng generator ia 
driven by an engine, in which case a substantial foundation 
should be provided for the engine so that the building will 
not be subjected to any vibration during its operation. 
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POWER PLANTS AND SWITCHBOARDS 
Composition 

THE power equipment for the G. R. S, Electric Interloekii^ 
plants ia usualfy composed of a storage battery, suitable 



The location of the units which compose the power plant 
varies considerably on different installations. The operating 
switchboard is always located in the operating room, being 
placed whenever possible in such a position that its meters 
and indicating lamp are in full view of the leverman when 
manipulating the levers of the machine. The storage battery 
is ordinarily located on the first floor of the interlocking 
station. The power switchboard and charging apparatus at 
many installations are placed in a room adjacent to that occu- 
pied by the battery, although building restrictions or the need 
of space for workrooms or offices often make it necessary to 
house this apparatus in a building separate from the inter- 
locking station. 
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Batteries 

The interlocking battery usually consists of one set of 
storage cells having a potential of 110 volts. A second or 
duplicate battery is furnished on a few of the larger installa- 
tions to insure sufficient power for any possible emergency. 



The capacity of the battery used should be based on the num- 
ber of function movements between battery charges and the 
current used for all auxiliary apparatus. 

The battery as usually installed comprises fifty-five lead 

type storage cells. When long runs of conductors between 

the battery and interlocking machine are necessary, one or 

more cells are sometimes added to the battery to compensate 

the voltage drop which occurs in the conductors when- 

wveral switch functions are operated at the same time. 
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This may also be taken care of by using wires of larger cany- 
ing capacity than would otherwise be necessary. 

Low voltage batteries are frequently installed to ope^te 
annunciators, indicators, relays and electric locks, and occa- 
donally to serve the track circuits of the ioterlockiiiB plant. 
Operating the relays, indicators, etc., from a low voltage 
battery usually proves more economical than to take current 
tor that purpose from the main battery. 

Charging Apparatus 

The charing of the battery is generally accomplished by 

means of a enunt wound generator driven by an electric motOT 

or gasoline engine. The generator should be capable of de- 
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livering the desired current at any voltage from 110 to 160, 
the current output being determined by the charging rate 
recommended for the batteries installed. In the event of the 
generator being used to supply current for lighting, either 
regularly or in case of emergency, the additional capacity 
required for the purpose should not be overlooked. 

When the generator is located at some distance from the 
battery it is necessary to take care of the voltage drop due 
to the resistance of the charging circuit, either by increasing 
the uze of the conductors or by using a generator having a 
higher voltage rating. 

Whenever current of suitable voltage and from a reli- 
able source can be secured at reasonable rates, its use is rec- 
ommended. The motor-driven generator, referred to abow 
is usable with either altematii^ or direct current, the genera' 
being shaft or belt connected to the motor as proves m 
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convenient. If the cuirentsupply is direct, a charging rheostat 
can be used for the battery charging, or if alternating, a 

rectifier employed. 

Charging rheostats, having no moving parts, are the simplest 
and To^ reliable of the different types of apparatus which can 
be used in this work. They are, however, very much less 
efficient than other battery charging devices, and therefore 
should not be used when the cost of power is an item to be 
considered. 

Motor generator sets are compact, reliable and, furthraroore, 
highly efficient. When used on this type of work, they can 
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be 'designed for operation on voltages as high as 550, the 
lower volt^es, however, being recommended as most satis- 
factory from the maintenance standpoint. 

Power Switchboard 

The power switchboard most frequently furnished (Fig. 
20) ia arranged to control the chaz^ng of one set of stoiage 
batteries from an engine driven generator, and in conjunction 
with the operating board to control the power delivered to the 
interlocking machine. 

It may be placed in any accessible position in the powtf 
house, convenience in making the runs of electrical conductors 
between the power board, the charging apparatus and the 
battery being considered. 

The size and arrangement of the power board for difierent 
'stallations is determined by the method of charging the 
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battles, the number of sets and voltage of each battery, and 
wheth^ or not the board is to control any electric lignUng 
which may be installed at the plant. If a motor generator 
set is to be controlled an additional panel for its starting device 
can be mounted on the switchboard frame. 

When the track circuits in the plant are operated from 



storage batteries or from transformers located in the interlocking 
station, it is customary to serve these track circuits through 
switches on the power board. 

On the switchboard shown in Fig. 20 are mounted a 
no-voltage, reverse-current circuit breaker, a field rheostat, a 
voltmeter, an ammeter, suitable switches, and the necessary 
fus«8. 

The no-voltage,reverBe-currentcircuitbreaker,which is placed 
in the charging circuit between the generator and battery, is 
designed to open in case the voltage of the generator falls below 
that of the battery. By means of this arrangement the charging 
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of the battery can be accomplished without the constant atten- 
tion of the maintainer, this permitting iiispectiona to be made 
at such into^^ils as may be moat convenient. 
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The rheostat connected in series with the generator field 
permits the generator voltage to be accurately regulated. 

The voltmeter and ammeter are arranged to give readings on 
the chaining or discharging circuits as desired. 

The simplified diagram (Fig. 22) shows the principles of 
the circuits used in connection with this board and clearly 
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B devices essential to the 



illustratea the functions of the v 
power control. 

Operating Switchboard 

The operating switchboard shown in Figs. 24 and 25 is 
typical of those furnished where all functions in the plant are 
to be controlled through a single circuit breaker. When the 
plant is aectionalized the board must be equipped with addi- 
tional circuit brealters, one being required for each section. 

The apparatus mounted on the ooard illustrated consists 
of the cross protection circuit breaker with its indicating red 
lamp, a polarized relay, a ground lamp and switch, a volt- 
meter ana an ammeter. A panel for lighting switches can be 
bolted to the switchboard frame when it is desired to control 
the lighting from this point. 
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The cross protection circuit breaker, introduced into the 
power mains leading to the interlocking machine, is so controlled 
that in the event of current being improperly applied to the 
circuit of any function at rest, the circuit breaker will open 
and cut all power ofl from the system. The red lamp ia 
arranged to be lighted at this time to call the leverman'B atten- 
tion to the fact that the circuit breaker has opened. 

The design ot the circuit breaker and its cover is such that 
it cannot be prevented from opening should a cross occur, 
nor can it be restored to its operatihg position except by means 
of the restoring handle. 

The simplified circuit (Fig. 26), in which is included only 
the apparatus essential to tne circuit breaker control, shows 
the retaining magnet of the circuit breaker controlled through 
the polarized relay on the switchboard and those on the inter- 
locking nuichine in such a. manner, that, should any of them 
reverse their position, thecircuit breaker will immediately open 



46 GENERAL RAILWAY SIGNAL COMFAKY 

The polatized relay on the switchboard is to guard against 
the effects of an accidental cross between the positive and 
indication buss bars on the interlocldi^ machine, the relav 
operatine in the aame manner as the polarized relays which 
protect tne various switch and signal functions. 

By means of the ground lamp and switch, the plant may be 
tested for positive and negative grounds. 

The voltmeter indicates the battery voltage at the terminals 
of the interlocking machine. 

The ammeter snows the current taken by the various func- 
tions when they are being operated. By observing this current 
reading the opiating conditions of each function can be 
determined. This is particularly true of the switch functions, 
the need of oiling or adjustment being readily detected from 
the abnormal amount ot current or length of time required for 
their operation. 
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ELECTRIC INTERLOCKING MACHINES 
Interlocking MAcmNB Control 

THE interlocking machine used with the G. R. S. system 
controb the movement ot switch and signal functions 
through the medium of suitably interlocked levers, which 
with their E:uides, indication maginets and circuit controllers, 
are mounted in the common frame as shown in Fig. 27. 
General practice is to furnish an Individual lever for each signal 



T Levek Ttpb 



arm and for each switeh function, except where two switches 
aretobeoperated together, in which case their levers are rigidly 
connected and operated as a unit. 

The deaien of the machine and the controlling circuits is 
such that the following features essential to safe operation are 
afforded: 

Fint — No lever can he moved from a given pMition if a' 
otbw lever, mechanically interlocked therewith, is in sue) 



...I be moved from 
will be locked against 
for them to be released. 
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Second — The full movement of any switch lever cannot be 
completed until the controlled function has moved to, and been 
locked in, the position corresponding with that of the lever. 
In the case of a signal lever tnb correspondence of position is 
required only on the normal movement of the lever, which 
(ran be completed only after the signal arm has assumed 

e stop position. 
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Third — Each function when in a jjoaitioi 



tected ag&i 



applied to 
In explai 



t any unauthorized operation which might O 



be accomplished through current being wrongfully 



in trolling circuita. 

^ ' the operation of the lever, its movement is 

ransidered as being divided into three parts, the prelimi- 
nary, intermediate and final. In order that the reader may 
not be confused on account of the lever operation having 
previously been described as being performed in two move- 
ments (^kge 18), it is desired to point out that the pre- 



liminary and intermediate part usually constitute one contin- 
uous movement, it being necessary to separate them, however. 
when considering the detail operation of the lever. 

The following description is based on the operation of the 
switch lever. Each of these levers is provided with a cam 
alot, by means of which intermittent motion is transmitted to 
its respective tappet bar and thence to the cross locking. In 
Fig 30 the dotted circles 1 to n in the cam slot indicate the 
potions of the locking tappet roller which correspond with 
the like- numbered position of contact block Z. In the pre- 
liminary movement of the lever from pomtion 1 to 2, the 
lockine tappet is moved through one-half of its strokf 
this movement lockii^; all levers which conflict with the n^ 
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position of the lever in questioti; in this movement no chance 
whatsoever is made in the operating circuits. During the 
intermediate part of the travel from positiona 2 to 4, the tappet 
bar remains stationary and the contact block Z ia moved out of 
en^gement with springs YY and into contact with sprinfs 
XX as shown in Fig. 31, this setting up the circuits for the 
operation of the function. The lever is held at this point, 
(position 4), through the mechanical design of the lever proper. 
until such time as the function having moved to a correspond- 
ing position, cenerates tL^ dynamic indication current which 
effects the release of the lever and permits its movement to 
position 5. Durii^ this final movement from position 4 to 5, 
the stroke of the locking tappet is completed, thereby unlocking 
all levers which do not conflict with the new position of the 
operated lever. 

The method by which the lever is prevented from completing 
its stroke, until the controlled function has moved to a corre- 
sponding position and has sent in its indication, ia illtlstrated 
by the following ; in moving from positions 1 to 2 projection M 
on the lever coming against [irojection K on latch L, causes 
the latch to assume tne position shown in Fig. 31. This 
brings projection J on latch L into the path of tooth Q on the 
lever. In moving from position 2 to 4, tooth Q engages with 
cam N, rotating it to the position shown in Fig. 31. As it 
passes the central position (shown dotted in Fig. 31) it comes 
in contact with dog P which is forced under latch L, thereby 
locking the latch L in the position assumed. The lever is 

1 _^ — :.-_.. I i.__^_.ji. n "z against projection J 

"■B indication c ' 



by flowing through magnet I. lifts armature T which causes 
plunder R to strike dog P and trip it out from under latch L. 
The latch L then drops to the position shown in Fig. 30, 
thereby releasing the lever and permitting its final movement 
to be accomplished. 

The movement of the lever from reverse to normal is p»- 
formed in a similar manner to that described above. Atten- 
tion is called to the fact that once the lever has been moved to, 
or beyond, position 3. it can neither be moved forward beyond 
position 4 nor back beyond position 2 without the recdpt of 
an indication. 

The movement of the dgnal lever ia identical with 
that of the switch lever except that no electrical indi- 
cation is requited during the reverse movement, the lever not 
being checked at position 4 due to a change in the deragn 
of dog P, which is mechanically tripped at this point from 
under latch L by cam N. The mechanical locking insures that 
before a signal can be given for any route, that all switch and 
derail functions in the route are thrown to the proper posi- 
tions and locked in that position, and that all opposii^ signals 
are in the stop position. No changes can be made in the 
"Position of any of these functions until the lever, controlling 
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the siraal displayed at proceed, haa been replaced to its full 
narmal position. 

The various functions are protected a^nst unauthorized 
movemeDt by means of the cross protection system, as de- 
scribed on page 89, the individual polarized relays which 
fumiah this protection being mounted on the terminal board 
of the interlocking machine. All lever contacts which form a 
part of this cross protection scheme are used in the operation 
of the function, and hence are checked as to their integrity 
with every complete operation. 

Model, 2 Unit Lever Type Interlocking Machine 
The description of the interlocking machine following is based 
on the Model 2 Unit Lever Type (Fig. 27) which is considered 
the standard machine. This machine is a development of the 
Model 2, still widely used, a cross section of this being iUus- 
trated by Fig. 137. Modifications of the Unit Lever Type 
machine are shown by Figs. 32 and 138, the latter being 
furnished when more contacts are required for supplementary 
circuits than can be secured on the regular lever circuit con- 

The standard machine essentially comprises the frame, the 
levers with their guides, indication magnets and circuit con- 
trollers, the lockii^ plate ■ ■ ■ ■ -■ 

and the machine cabinet. 

The frame work, which consists of a bed, supporting legs 
and brackets, is substantially constructed, thweby insuring 
that all inter-related mechanical parts are maintained in their 
proper relative portions. For machines having a capacity up 
to forty-eight lever spaces, the bed is cast in one unit. Machines 
of over forty-eight levers are made up of various combinations 
of beds bolted tt^ether to give the required lever spaces. 

Loekino Plates and Locking. 

The locking plates are securely attached to the front of the 
machine frame, being furnished in tiers to a maximum of 
three, the number depending upon the amount of locking 
required at each individual pl^t. A fourth tier can be 
furnished when necessaiv by using a special form of leg, 
which has sufficient height to accommodate the extra tier o( 
platea. 

The locking plates are designed with vertical and horizontal 
slots, the locKmg tappets, one of which is attached to each 
leva:, heiiie fitted in the vertical slot directly beneath its 
respective lever. Movement is transmitted from the lever 
through the medium of the tappets to the cross locking, which 
slides back and forth in the horizontal slots of the locking 
plates. The dt^s used in the cross locking can be fumishe' 
screwed or riveted to the locking strips, aa desired. 
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Each tier of locking has eight of these horizontal slots, 
and each of these slots is capable of accommodating four 
lockiiig Btripa, thus giving this type of locking bed a large 
capacity as is indicated by the fact that the locking required 
for extremely large and complicated layouts has been readily 
accommodated in three tiers. In fact, it is a very rare ' 
occurrence that the fourth tier is ever required. 

By using locking of the vertical type no additional floor 
space is required b^ond that ordinarily taken by the machine, 



no matter how many tiers are provided. This type of locking 
also permits ready access for inspection or cleaning, or making 
any changes which may be required. 

Lepers. 

Each lever with its guide, indication m^net, controllers, 
etc., comprises a complete unit in the interlocking machine, 
the design being such tnat the unit may be removed or replaced 
in the machine without moving the lever tappet from the 
normal position or disturbing adjacent levers in any way. The 
lever guide is jointly supported by the top edge of the locking 



ELBCTRIC INTERLOCKING HANDBOOK 57 

circuit controllers being screwed to two other bars which are 
supported by this same bracket. 

liie circuit controll^ with which each lever is equipped can 
be provided with a maxinium of five tiers of contacts, con- 
trolling five normal and five reverse independent circuits, which 
affords more contacts than are ordinarily desired for supple- 
mentary circuits. 

The space required for each unit ia but two ineheH, this 
p^rnitting the complete machine to occupy less space length- 
wise than other existing types of interlocking macnines, either 
power or mechanical, having the same lever capacity. 

Lamp Case and Number Plate. 

The combined lamp case and number plate is mounted above 
each lev^, its base being attached to a plate screwed to the top 
of the lever guide, and its top to the cabinet frame. The num- 
b^ plate is designed to lie at an angle which renders it readily 
visible to the operator when manipulating the levers. Bulbs 
and sockets are furnished only for such levers as may be 

Ticified. generally being used m conjunction with some type 
tdectric locking to give an indication as to whether the lever 
may be moved or not. If desired, a double lamp case can be 
furnished to give two separate indications. 

Terminai Board. 

The slate terminal board is securely attached to the brackets 
on the rear of the machine. On this board are mounted the 
switch and signal buss bars, the individual polarized relays, 
fujaes for the operating circuits, and the terminai posts for all 
wires which form a part of any of the interlocking machine 
circuits. The wires running from the binding posts to the 
various contacts, etc., in the machine are made up as formed 
leads, thus presenting a neat and uniform appearance; it also 
simplifiea any " connecting up " incidental to the field installa- 
tion of additional levers to the machine. 

All fuses and terminal posts on the board are located directly 
beneath their respective levers, the terminal posts being 
lettered in correspondence with the circuit plan to indicate 
the wires which are to be attached to each post. 

PoUirieed Relay. 

The polarized relay which is illustrated by Fig. 36 is 
mounted on the terminal board directly beneath its lever. 
It is provided with a soft iron core which lies lengthwise between 
the poles of a permanent ma^et, the design bein^ such that 
current passing in one direction through a winding on the 
soft iron core, tends to hold the relay armature normal and 
contact closed, while current in the opposite direction imme- 
diately reverses the armature and thereby causes the cont' 
to open. An extension of the armature is provided for ( 
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venience in replacing it to the normal position should it for 

any cause be reversed - 

Indication Selectors. 

The indication selectors, one of which is used in connec- 
tion n^th each switch function, are mounted on a shelf sup- 
ported by a bracket on the rear of the interlocking machine. 
The selector is simple in design, consisting of two electro 
m^inets and a contacting armatiu'e which throws in one 
direction when the lever is reversed and in the other when the 
lever is put normal. 



# 



Interlocking Machine Accessories 
Lever Locks. 

The electric lever lock, illustrated by F^. 35, may be 
applied to any lever in the machine, its winding being designed 
for operation on direct or alternating current. The locW b 
designed to be mounted on the top of the lever guide, locking 
the lever in any required position by means of a solencdd 
plunger, which, when the lock is de-energized, drops into a 
notch cut on the top of the lever. These notches may be 
arranged so that the lever will be locked in any position as 
required by the electric locking circuits used at the plant. 
The circuit tor the lock coil is broken through a contact sprii^ 
actuated by the lever latch, the lock therefore not consuming 
energy except when lever is to be moved. 

Mechanical Time 'Release. 

The mechanical time release furnished with the G. R. S. 
interlocking is illustrated by Fig. 37, and the method of its 
application to the machine by Fig. 38. It is used in connec- 
tion with electric loekit^ circuits to effect the release of a 
route in case of emergency, this being accomplished by manipu- 
lating the release to its full reverse position, at which point a 
contact is closed to pick up a stick relay, energize a lever lock, 
■■tc. The first movement of the device towards the reverse 
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position, however, mechanically locks, i 

the levers controlling all functions in thi 

ing that the release be returned to its normal position before 

the route can be changed. The operation of the . alease to the 

reverse position and back to the normal position affords a 

time interval of about two minutes 
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SWITCH OPERATING MECHANISMS 
Switch Ma.chinb Control 

SWITCH and derail functions in the G. R. S. syatem are 
operated by switch and lock movements, driven by series 
wound direct current motors. 

These switch mechanisms, each of which is under the con- 
trol of a lever in the interlockinE machine, require tor their 
operation two wires only, one being used for the normal 
and the other for the reverse operation. These same wires 
are used for indicating purposes, the normal control wire beit^ 
used tor the reverse indication and the reverse control for the 
normal indication. The circuit is connected to main common 
at the switch location. 

When the lever is moved to a position to cause the operation 
of the switch mechanism (see dotted position of lever con- 
tacts in Fia. 39), current is taken from the positive buaa 
bar through the safety magnet, indication selector, lever 
contacts and the control wire, through the switch motor 
and to common. This causes the desired movement of 
the switch machine, which performs the following functions in 
the order given : 

First — The detector bar is raised and the switch unlocked, 

Second — The switch points thrown, 

Third — The switch points locked and the bar lowered, 

Fourlh and Lastly — Current is cut off from the motor, and 
the terminals of the motor armature reversed for indication 
purposes, this leaving the motor properly connected for the 

The motor is now on a closed circuit which includes the 



indication magnet. Due to the momentum acquired during 
the switch operation, the motor armature continues on several 
revolutions for the generation of the momentary current 
which energizes the indication m^net and thereby permits 
the final movement of the lever to be completed. 

The operation of the switch machine in the opposite direc- 
tion is accomplished in the same manner as described above. 

The changing of the motor connections at the end of the 
switch operation is effected by the mechanical shifting of the 
contact block in the pole changer (Figs. 42 and 46), In 
addition to being mechanically operated, this contact block is 
under the control of two sets of solenoid magnets, so that 
should the switch fail to complete its movement the controlling 
lever may be shifted, and, through the energizine of one 
set of the magnets, cause the [)o1e changer to set up tne circuit 
for the operation of the switch in the opposite direction. 
This places the mechanism so under the control of the lever- 
man that should the switch points be blocked with snow, ice, 
etc., the points may be worked back and forth, frequently 
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-J ita poles, some c ..__ ^ __ 

magnet. The safety magnet coils are so connected i_ 

operating circuit tnat the whole operating current Sows 
through them, henee any current flowmg throueh the indica- 
tion magnet, due to a cross between the control wirea of the 
function, cannot exceed the current through the safety magnet. 
The winding of the safety magnet is proportioned so that in 
conjunction with the above two features, the indication mag- 
net armature cannot be lifted by current resulting from a 
cross as stated above. 



From the time when the lever is moved to the new operating 
position until the movement of the switch machine is com- 
pleted, the indication selector further insures against the pos- 
sible receipt of any improper indication, being so connected 
that the operating current will attract its armature and close 
the contact for the reverse indication only when the lever is 
moved reverse, and the contact for the normal indication 
when the lever is moved normal. It should be noted that 
both the indication selector and safety magnet coils are con- 
nected in series with the control circuit, therefore if the cir- 
cuit through them is not intact, operation of the function wiil 
be_pre vented, 

lotor operatitig circuit is opened by the 

' ' 1 pod- 
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tion, current ceases to flow through the safety m^net. There- 
fore the armature of the indication magnet is no longer held 
down, this permitting the indication to be effected upon 
receipt of the dynamic current generated by the motor. 

The mechanism is now at rest protected against any unau- 
thorized movement in the same manner as before the con- 
trolling lever was reversed. 

Owing to the design of the operating circuits, the magnetic 



SprinE 



itaLled. 



control of the pole changer prevents the switch from being 
moved by hand from the position occupied, except through 
breaking the operating circuits by some such means as re- 
moving the motor brushes. If this is done and the machine 
moved to a position not corresponding with that of its con- 
trolling lever, upon the replacement of the brushes, the switch 
will immediately assume its proper position. Manipulation 
of the pole changer by hand will not cause movement of th^ 
switch out of correspondence with'its lever. 
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Model 2 Switch Machine 

The Model 2 switch machine, illuBtrated by Fig. 43, con- 
sists of the motor, gearing, lock movement and tne pole chancer 
with its actuating movement. The gear frame and locking 
movement are securely bolted to a tie plate as shown, to 
which plate the stock rails are also securely attached, thus 
rigidly maintaining all parts of the switch machine in their 
proper relation to each other and to the rail; 

Movement is transmitted to the various switch parts by the 
motor through a train of spur gears. 




The locking plunger I and detector bar are actuated through 
the lock crank H and the driving rod G, this latter being 
directly connected to the stud F on the main gear D,. It will 
be seen that a train occupying the track, in preventing the 
initial movement of the detector bar, would make impossible 
the withdrawal of the lock plunger from the throw and lock 
rods, and therefore prevent any movement of the switch 
points. 

The switch points are thrown by the rod J and the cam 
crank E due to the stud F on the main gear engaging with the 

The operation of the pole changer B is effected through the 
medium of the pole clmnger movement L by the last one- 
-'ighth inch movement of the lock plunger I after it has passed 

rough the lock rod K (Fig, 146). j 
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The design of the mechaniam ia auch as to allow the switch 
motor A, due to ita acquired momentum, to continue itfi rota- 
tion for the generation of the indication, which checks the 
speed of the motor and brings it to rest without ahock. 

A friction clutch C is introduced into the connection between 
the switch motor and the main gear to relieve the switch 
mechanism from any injurious strain should it suddenly be 
brought to stop by an obstruction in the switch points. 

Model 4 Switch Machine 

The Model 4 switch machine shown in Fig. 44, is deaijfned 

with all operating parts within one case, and is especially 

adapted for installation where clearances are limitea. The 



case, which affords complete protection against the weather, 
provides a base plate for the mechanism, being bolted through 
the tie plate to tne head block and the next tie back (Fig. 149). 
The operatii^ parts consist of the motor A, a train of spur 
gears, the mam or cam gear D, the pole changer M, the throw 
rod J and locking bar F. 

The motor through the medium of the train of gears drives 
the cam gear, from which gear the various parts of the switch 
machine are operated. 

The intermittent movement of the locking bar and detector 
bar is accomplished by the engagement of rollers on the lockii^ 
bar with the cam slot on the upper side of the main gear. 
Slavered locking is provided by the arrangement of the d(^a 
on »ie locking bar, tnese dogs being placed so that after one 
dog has been withdrawn to release tne lock rod, the switch 
pomts must be moved to the opposite position before the oth' 
dog can enter its slot in the loclc rod. The-throw rod is lock 
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in both extreme positions of the switch by a bolt operated 
from the cam movement. 

The Bwitch points are thrown at the proper time by a roller 
on the lower side of the main gear engaging a jaw in the 
throw rod. 

The principles of the pole chancer movement are easen- 
tially the same as in the Model 2 switch machine, although the 
mechanical method of effecting this action is accomplished 
throi^h the main gear movement and locking bar, instead of 
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fcfidel 2. '^ Contact blocks S, and Sj are o 
arm N which engages at the proper time with a cam either oi 
upper or lower surface of tne main gear D. depending on iim 
direction of travel of the mechanism. The tripper arm is 
placed in a position to engage with the proper cam only after 
the switch 1^ been locked in position at the end of its move- 
ment. This is accomplished through the medium of cranks 
Ti and Tj, a roller U on the latter working in a cam slot on the 
locking rod F,. The contact arm V (which corresponds with 
'' commutator T on the Model 2 pole changer, Fig. 42) is 
'ated by this same crank movement. 
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The cam gear ia designed to permit a free run of the motor 
at the end of the operation of tne mechanism for the purpose 
of generating a strong and Dositive indication current. 

A friction clut«h, designed with iar^e surfaces and lined with 
fibre, is provided to protect the medmniam from shock, should 
its movements be obstructed. 

A switch circuit controller can be furnished if desired, 
located within the mechanism case at the point indicated by 
letter O. The operating part consists of a frame carrying 
contact fingers and a cylindrical commutator W upon wnich 
are mounted contact segments. As the switch is unlocked, a 
disengaKing arm X with roller Y working in a cam slot on the 
locking oar F„ lowers the commutator out of eng^ement with 
the contact sprii^. During the movement of the switch 
points, the commutator is rotated on its axis through motion 
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transmitted from the switch points b^ means of a crank con- 
nection, a sector (not shown) and pmions Z, and Z,. After 
the points are locked in pOMtion the commutator is raised into 
ei^agement with the contact fingers by the engaging arm and 
cam slot movement. It will be seen that this control insures 
the switch points are in position and locked in position before 
the switch circuit controller can be closed. The maximum 
capacity of the controller ia ten independent circuits, the eon- 
tacts being adjustable in pairs to close as desired at the 
normal or reverse positions of the switch. 

The switch mechanism can be used right or left handed 
without change, as the lock and throw rods may be connected 
from either side. A double locking cage is furnished when the 
machine is to operate a double slip switch or movable point 
frog, thus avoiding the necessity of using a plut^er lock with its 
special connections otherwise required for the second lock rod. 

All parts are assembled in the factory and tested before 
shipment unda* conditions approximating as nearly as possible 
the service to be given the machine after installation. 



MOTOR DRIVEN SIGNAL MECHANISMS 

MOTOR driven s^nala in the G. R. S. system of electric 
interlocking are operated by mechanisms in which a 
aeries wound motor is directly connected to the sema- 
phore shaft through the medium of low reduction gearii^. No 
dash-pot or electro-mechanical slot is required for this type of 
signal. The mechanism is applicable for use as a hign or 
dwarf signal. 



The mechanisms furnished are of two types: 
tirely ui 
._ . . i. Generally speaking, 

this type is furnished for dwarf signals, and for such high 



First, the non-automatic, which is entirely under the control 
lever in the interlocking machine. Generally s 



signals as will at no time require track circuit control. 

Second, the semi-automatic, which is operated under the 
joint control of a lever in the interlocking machine and the 
track circuits in such sections of track as are governed by the 
signal arm. The semi-automatic mechanism is also furmshed 
tor non-automatic high signals when there is a possibility of 
the signal arm being controlled by track circuits at some future 
time, or in case it is desired to have uniformity in the type of 
mechanism throughout the installation. 

Either of the above types can be adapted for operation in 
two or three positions, upper or lower quadrant, and to give 
right or left hand indications as desired. 

In the two portion non-automatic signals, but one wire 
besides the main common is required for its control, this wire 
bein^ used both for operatir^ and indicating puiposes. When 
the si^al is to operate in three positions an additional control 
wire IS required. In the case of semi-automatic control, an 
additional wire may or may not be required, depending entirely 
upon the arrangement of the track circuits in the route governed 
by the signal arm. 

Non-Automatic Signal Control 
The following description of the signal operation is based 
on the circuit shown in Fig. 48 which is for tne control of the 
two position non-automatic signal mechanism. 

Upon reversal of the controlling lever current is taken 
from the positive buss bar through the lever contacts, the 
control wire, the operating field and armature of the st^;nal 
motor, and thence to common through the various switch 
circuit controllers as required. This caiises the movement of 
the blade from stop to the proceed position, upon the com- 
pletion of which movement circuit breaker contact B opens 
and A doses, this connecting the holding field of the motor in 
series with the operating field and armature. The dedgn of 
the pole pieces on which tne holding field windings are mounted, 
is such that the magnetic flux, thrown across the air gap 
between tbe motor armature and the pole pieces, magnetically 
'ocks the armature against rotation and thereby retains the 
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mechanism and brings it to rest without shock to any of its 

In the case of the three position signal, operation from the 
zero degree position to the fortj;-five degree position is the 
same as described above. Operation from this point on to the 
ninety degree portion is ordinarily dependent upon the signal 
in advance, it being necesaary however that the controlling 
lever be reversed before movement of the mechanism can take 
place. The mechanism is held in its ninety degree position 
through the medium of the holding fields in the same manner as 
in the forty-five depree portion. When the signal arm is re- 
turning from the ninety degree position and is to be held at 
the forty-five degree position, its movement is arrested at that 
point by short circuiting a " snubbing " winding on the motor 
(winding and contact not shown in fMg. 48), which causes a 
momentary current to flow in this windii^, thereby bringing 
the mechanism carta to rest. The semaphore arm is retained 
in this position Dy current flowing throi^h the retaining fields 
of the motor, as previously explamed. 

Sehi-Autouatic Signal Control 
When it is desired to have the signal controlled semi-auto- 
matically, the operation differs from that described above 
in that the first fortjf degree movement of the mechanism 
from the normal position does not affect the position of t^e 
signal arm, but puts under tension a set of coif springs which 
are strong enougn to rotate the motor on the return movement 
with sufficient speed to generate the current for energizing 
the indication magnet on the lever. This preliminary move- 
ment of the mechanism is always under the control of the 
operating lever irrespective of whether the track circuit is 
occupiea or not, the receipt of the indication therefore not 
requiring the restoration of the lever to the norma! position 
simultaneous with the entrance of a train into the controlling 
track section. Any movement of the mechanism beyond this 
point, however, is dependent upon the track circuit being 
unoccupied. 

Referring to the circuit for the two position semi-auto- 
matic signal as shown in Fig. 49, it will be seen that upon 
reversal of the controlling lever current is taken from the 
positive buss bar through the lever contacts, the control 
wire, the signal motor operating field and armature and thence 
to common. This causes the operation of the mechanism 
through its preliminary forty de^ee movement to the 
zero degree position, at which pomt the mechanism will 
be held against the tension of the coil springs, in the event 
of the track circuit being occupied; this is accomplished bv 
circuit breaker contact B^ opening and A, closing whicn 
connects the holding fields in series with the operating fields 
and armature of the signal motor. Should the track circuit 
-> unoccupied, the mechanism will not stop at this point but 
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timeasita lever may be reversed; the control is so arranged that 
a second clearing of the s^nal arm can be secured only after the 
mechanism has been returned to its minus forty (—40) degree 
position. When the lever is restored normal, energy is cut off 
from the motor and the mechanism, due to the tension of 
the coil springs, b driven to its minus forty (—40) degree 
position; just before reaching this position circuit breaker 



contact Bi closes, thus connecting the motor armature and 
operating field in their original closed circuit in which is 
included the indication magnet. Due to the momentum of 
the motor armature acquired during this movement, the motor 
(now a generator) builds up the momentary dynamic current 
necessary to enei^ze the mdication magnet and release the 
lever, thereby permitting it to be restor»l to its full normal 
position. 

Should the controlling lever be placed normal before the 
entrance of a train into the controlling track section, the edgiial 
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arm and mechanism retiams to the zero degree or stop 
position, and the mechanism continues its rotation to the 
minua forty (—40) degree position due to the action of the 
indication springs; when within a few degrees of the end of its 
travel, the dynamic indication for the release of the controlling 
lever is generated as described above. 



It will be seen tliat the operation of the signal mechanism 
proper, from the time the signal blade begins its movement 
toward the proceed position until its return to the stop posi- 



I that of the non-automatic signal, . 
indication springs being in no way depended upon to bring the 
signal arm to the atoji position. This same statement applies 
also to three position operation of the semi-automatic 
mechanism. 
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Model 2 a Non-Automatic Signal Mechanism 

The non-automatic s^^nal mechanism (Fig. 52) cousista 
essentially of three main P^rts, the motor, a train of gears 
and the circuit breaker. These are all housed in a weather 
proof case, which is provided with doors to give convenient 
access to ail parts. 

When the mechanism is used for the operation of high 
^gnals, it is fastened to a clamp bearing (Fig. 54) which 
carries the semaphore shaft S, tae design of this bearing 
permitting the mechanism to be supported at any desired 
aaght on the signal mast and at any angle to the track. The 
beuing ia equipped with a spring atop F, which besides acting 
33 a buffer permits the close adjustment of the signal blade in 
its stop position. A universal coupling L,, L„ L, introduced 
between the driving shaft J and semaphore shaft S, lends 
iteelf to a simple means of locking the signal arm in the stop 
portion in such a way as to prevent improper operation of 
the signal by any outside agency. 

When the signal mechanism is to be used for the operation 
of a dwarf signal, it is bolted to a stand (Fig. 55) carrying 
the spectacle shaft T and provided with springs Ui and U, 
which are for the purpose of giving sufficient returning torque 
to the dwarf signal arm to cause it to assume the stop position 
when the current holding it at proceed is cut oS. This is 
nec*asary since the dwarf signal arm cannot be readily designed 
to have sufficient weight so that gravity can be depended upon 
for retviming it to the stop position. The complete dwarf 
mechanism takes up but little room which permits it to be 
installed where clearances are limited, as is illustrated by 
Fig. 202. 

The motor A used in the signal mechanism is of the four 
pole type, two of these poles ^ing modified in such a man- 
ner as to permit the motor armature to constitute the means for 
holding the signal ann in the proceed positions. This modified 
desien consists of aeirating the surfaces of these two poles, 
so that when the holding field windings are energized, a dense 
m^netic flux will flow across the air gap between the pole 
pieces and the motor armature in such a manner as to pre- 
vent rotation of the armature, and, consequently, movement 
of the signal blade. Owing to the high resistance of these 
windings the amount of current used for the purpose is re- 
duced to a minimum. The "snubbing" winding previously 
referred to is entirely independent from the operating wind- 
ings of the motor, its function being to check the speed of the 
motor when it is desu^d to hold the signal arm in the forty- 
five degree position. 

A friction clutch is introduced between the motor A and 
its driving pinion C to insure that no undue strain whatsoever 
will be transmitted to the mechanism gearing. 

The gearing is deigned with heavy teeth and large clear- 
ances as shown by Fig. 53, this latter insuring that t' 
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mecbanisms will run freely in dther direction and that no 
ordinary obstructions such as dirt, cinders, waste, etc., will 
interfere with its movement; only five foot pounds a.t the 
semaphore shaft are required to run the mechanism back to 
its normal position. 




The circuit breaker B is a complete unit operated from the 
main driving shaft J by means of the s^mental gears K, 
and Kj. It consists of a frame carrying contact fingers and 
a revolving commutator on which are mounted contact seg- 
lents as required. The circuit breaker has a maximum 
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capacity of fourteen circuits, such contacts as are used to 
control operating and indicating circuita being arranged to 
be quick acting, "snapping" over from one position to the 
other at the proper predeterrained time. Each contact fiMcr 
is provided with convenient means of adjustment, and oy 
means of a loclting finger is positively protected again acci- 
dental displf " 
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Model 2A Semi-Automatic Signal Mechanism 
The seini-automatic signal mechanism (Fig. 66) consists 
essentially, as dctes the non-automatic mechanism, of a motor, 
a train of gears and circuit breaker, with the addition, however, 
of the spring attachment which is used to produce rotation ot 
the motor armature for indication purposes after the signal 
arm has reached the stop position. These parts are enclosed 
in a weather proof case similar in construction to that used for 



the non-automatic sienal, the design permitting the mechanism 
to be fastened to a clamp bearing for mounting on high signal 
masts or used in connection with a stand for operation aa a 

The motor, train of gears and circuit breaker are essentially 
the same as those described above, it being therefore only 
necessary to touch upon the design of the indication spring 
attachment and the universal coupling, these being the only 
points in which this signal is radically different from the non- 
automatic previously described. 

The initial tree movement of the mechanisrn is accomplished 
by having one shoulder of the coupling L, so cut away that 
a forty d»ree rotation of the driving shaft J is necessary 
before it wiU engage with the semaphore shaft S, this movement 
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as previously mentioned putting under tenaon the pair of coil 
spnngs Ni and N,. 

Fig. 58 shows diagramatically this sprite attachment and the 
manner in which the springs Ni and N, are put under tensioD; 
it will be noted that the two coil springs are connected to the 
driving shaft J fay means of an equalizer O and a curved link 




} end of which is fastened t 



not exert any torque on the mechanism after the blade ias 
moved a few degrees from the stop position; therefore it is 
plain that the springs are in no way depended upon for the 
restoration of the blade to the normal pomtion. 



SOLENOID DWARF SIGNAL MECHANISMS 

SOLENOID dwarf signals used in the 6. R. S. systeili are 
deugned to operate in two positions, upper or lower 
quadrant, with a forty-five, sixty or ninety degree travel 
of the arm. Two seta of magnet windings are provided, 
which consist of operating coils of low resistance and holding 
coils of high resistance. The movement of the solenoid 
magnet plunga^ is tranEmitted by means of suitable con- 
nection to the dwarf spectacle. 



Fia. 60. MoDBL 2 Solenoid Dwabf Siohai, 

DWARP Signal Control 

Each of these mechanisms requires for its operation a con- 
trol wire, and since it is impracticable to secure a dynamic 
indication from a si^^nal of the solenoid type, an additional 
wire ia required for indication purposes. Tne circuit is con- 
nected to main common either at the dwarf location or 
through contacts on switch circuit controllers when required. 

Upon reversal of the controlling lever (Fig. 60), current is 
taken from the positive buss bar through the lever contacts, 
the control wire, and the solenoid operating coils A, and A, 
to eoramoD. This causes movement of the signal arm from the 
atop to the proceed position. As the arm reaches the r 
ceed position, the circuit breaker contact C opensj v 
connects the high resistance holding coils B, and B, in ; 
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which, in addition to supporting the mechanism, is designed 
to carry the dwarf spectacle shaft. A hinged cover on the 
topof the case gives convenient access to the mechanism. 

The movement of the yoke F connecting the solenoid plung- 
ers E, and E„ is transmitted through the medium of the racK 
G and pinion H to the crank J, and thence by means of the 
connecting rod (not shown} to the dwarf spectacle shaft. 

When in the stop position the signal arm cannot be moved 
by any outside agency, due to the crank J being "on center" 
at that point. 



Fia. ei. Model 2 Sole 
M 
Ai-A, Opersting'Coib 
£,-£, Holding Cuils 

D I ndiefltinir Contact 



The circuits tor the control of the mechanism are broken 
through pairs of springs which make contact at the proper 
time with metal pieces, fastened to a commutator mounted 
upon the same shaft as the pinion H. The operating contact 
C is designed to hold its circuit closed throughout the move- 
ment until the blade has assumed the proceed position. The 
indicating contact D is closed only when the blade is in t' 
stop portion. 
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Model 3 Dwarf Signal Mex^hanism 
The Model 3 dwarf a^nal mechanism (Fig. 63) consists of 
the solenoid magnets and an operating rod which ia directly 
connected to the dwarf spectacle shaft. This mechanism is 
mounted in a case which is designed to cany the dwarf spec- 
tacle shaft and is provided with a sliding cover to permit 
ready access to the operating parts. 

The operation of the mechanism is similar in principle to 
that of the Model 2 dwarf except that the movement of the 



FlQ. 62. MODGL 3 SOLGHOID DwART SlONAl. 

magnet plungers Ei and Ej is transmitted directly to the 
spectacle shaft through the operating rod G, a roller H on the 
operating rod working in an escapement crank (not shown) 
on the semaphore shaft. The design is such that when the 
signal is in its normal position, the arm is locked against 
movement from the outside. 

The overall dimensions of the signal are such as to allow its 
location where the available clearances will not permit the 
use of the Model 2 dwarf signal. 

The circuit breaker contacts consist of pairs of springs 
which are bridged by contact rollers, actuated by the oper- 
ating rod G. In the case of the indicatii^ contact D and 
-are contact J, ^e contact rollers are fastened to and 
■e with the operati:^ rod, the design causir^ the contacts 
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to open with the first movement of the arm towards the pro- 
i*ea position. The roller tor the operating contact C is car- 
fiedbyan arm, which is raised by engagement with a collar 
on the operating rod, when the dwarf spectacle has assumed 
the proceed position. 
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CROSS PROTECTION APPARATUS 
Principles of G. R. S. Cross Protection 

THE G. R. S. cross protection system prevents the unau- 
thomed movement of any switch, signal, or other func- 
tion, in the event of current being improperly appUed to 
its circuit, by the cutting oS all energy from the function. 

As briefly outlined in the paces on the "G. R. S. Electric 
Interlocking System," it has neen seen that all functions 
while at rest are normally on a closed circuit of low resistance ; 
that inserted in each of these circuits and located on the ter- 



caused to flow through the circuit by the manipu' 




le polariaed Klay B in the ( 

s'ind^MlcJ'by't'he'dotted'^ws, "Hmro"^?™St supplSSi 
.3 X nill open polarized relay B, which nill csuxe circuit 



be applied throi^h any other channel must pass through this 
relay m a direction to cause it to oj^en its contact; and that 
this operation breaks the control circuit of the cross protec- 
tion circuit breaker, causing it to open and cut power oS Uiat 
section of the system affected, thereby preventing the unauthor- 
ized movement of the function. The principles involved will be 
made evident by reference to Fig. 65, from which circuit has 
been eliminatea all detail connections, contacts, etc.. only 
such ^rts being shown as are essential to the exp^nation. 

Id Fig. 64 there is shown in full circuit detail all apparatu' 
and contacts pertaining to a switch function, a s^nal lunctir 
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and the system of cross protection. By tracing out these 
circuits it will be found that the circuit conditions as shown 
in Fig. 65 eidst and afford the protection clamed. 

Operation of the Cross Protection Circuit Breaker 

The circuit brealter construction and its manipulation are 
clearly illustrated by Fig. 6fi, the position in Fig. 66C cor- 
responding with that of the circuit breaker in Fig. 64, The 
various parts of the circuit breaker which make contact with 
each other are indicated by similar letters. 

It has been shown that current applied from an unauthor- 
ized aource to the circuit of a function at rest, causes the 
polarized relay in that function's circuit to open its contact 
and interrupt the circuit through the retaining magnet of the 
cross protection circuit breaker. When this occurs the cir- 
cuit breaker armature is released and the Z contacts are 
rued, the armature falling to such a position (Fig. 66A) 
t it cannot be drawn up against the pole pieces by the 
magnetic pull which will be exerted when the retaining magnet 
is again energized through the restoration of the polarized 
relay armature. To inform the leverman that the circuit 
bretUier is open, a red lamp is lighted by the closing of the Y 
contacts. 

With the circuit breaker open as in Fig. 66A, the po^tive 
and negative feeder wires between the battery and the inter- 
locking system are opened at the Z contacts, therefore the 
cross can have no effect. The polarized relay which had its 
armature reversed will identify the function affected and, upon 
the cause of the trouble being removed, the armature of this 
polarized relay will remain in its normal position, when re- 
placed by the operator. This will cause the retaining magnet 
of the cross protection circuit breaker to be energized, and, 
by raising the restoring handle to the position shown in Fig. 
eeB the circuit breaker armature is restored to its operating 
poffltion where it will be retained by the circuit breaker magnet. 
This action closes the Z contacts. Dut at the same time opens 
the X contacts, through which contacts are also broken the 
positive and negative feeder wires, this preventing the appli- 
cation of current to all functions controlled by the circuit 
breaker until the restoring handle is returned to its normal 

Eosition, The red light is extinguished when the circuit 
reaker armature is restored. 

F^. 24 and 25 illustrate a typical operating switchboard, 
one view showing the cross protection circuit breaker exposed 
and the other with its cover in place. It will be noted that 
the only portion of the circuit breaker which is accessible to 
the leverman is the restoring handle projecting from the slot 
at the bottom of the cover. A shield attached to this handle 
closes this slot when the handle is in the normal position, 
thereby protecting the internal parts against manipulation ir 
any way except by means oi the restoring handle. ^ 
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explained above, so long as the handle is held in a position to 

interfere with the release of the contacts normally retained by 
the nu^et (Fig. 66B), energy is withheld from all functions 
under the control of the circuit breaker. These features make 
the cross protection system fully effective at all times, even 
though force of circumstances may require its being temporarily 
under the charge of unskilled employees. 

When it is desired to retain such signals in the proceed 
position as may be occupying that position when the circuit 
breaker opens, resistance units R and Ri (shown dotted in F^. 
64> are connected so as to bridge the X and Z contacts, these 
units permitting the flow of an amount of current aufficient to 
hold a limited number of signals at proceed. Their resistance 
is so high, however, that tne mechanism requiring the least 



current for its operation cannot be put in motion if enei^ 
should be applied to its circuit when the circuit breaker is open. 
The resistance units are shown in position on the operating 
switchboard in P%. 24. 

The Polarized Relays 



a switch, signal, etc., will reverse on about one-halt the c 
required to just move that function of the same ty]je which 
requires the least current for its operation. From this it will 
be seen that the windings of the polarized relays used wilJi 
different types of functions have different resistances. 
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between the buss bars on the interlocking machine, such as 
mi^ht be accidently caused by the maintainer's tools when 
he is working about the machine. From the position of the 
relay in the circuit, it will be seen that any current reaching 
the indication buss bar through such a cross will flow in the 
direction opposite to that o( the' indication currents, this 
causing the relay to reverse its contact in the same manner as 
the polarized relays previously described. Since the relay on 
the switchboard is common to all circuits, its winding is 
designed to render it much less sensitive than those on the 
interlocking machine. 

Safeguards 

To show that the system in addition to being extremely 
simple, is also fully safeguarded, the following points are 
mentioned: 

First — The closed circuit principle ia employed for all 
parts of the cross protection system. 

Seamd — All contacts or connections depended upon for 
protection against crosses are also used in operation and, 
hence, are checked as to their integrity every time a complete 
operation of a function is made. 

""kird — The polarized relay cc 
it reversed du-ection of current, will a 
magnetism in the permanent magnet of the n 

Fourth — An open circuit in the polarized relay prevents 
indication. 

Sectionalizing of Plants 

In connection with a comparatively simple track layout, it 
is common practice to install only one cross protection circuit 
breaker, which prevents the movement of all functions during 
such time as it may he open. At busy plants having a lai^e 
cumber of routes which can be used simultaneously, it may be 
considered undesirable to have the whole plant affected by 
derangement at a single point, in which case the plant may 
be divided into sections, the functions in each section being 
controlled through separate circuit breakers. This permits 
uninterrupted operation of traffic through the sections not 
directly affected. 

In addition to the cross i>rotection circuit breakers required, 
it is necessary to install switchboard polarized relays and also 
common retiun wires for each section m the interlocking plant. 
The positive buss bar and indication buss bar must be divided 
to correspond with the sectional division of the functions. It 
is essential that there be no connections between the various 
buss bars or the common return wires, except where they 
join the energy mains from the battery, under the protection 
of their respective cross protection circuit breakers. 

There may be certain fdtuations where conditions will 
warrant the additional expense of employing individual cross 
protection circuit breakers for each switcn and each group & 
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Mgnals. This would mean that a cross applied to a given 
switch, for example, would merely^ make that particular func- 
tion inoperative without interfering with any of the other 
functions. The use of individual cross protection circuit 
breakers requires the running of a separate return wire for 
each of the functions or groups of functions concerned, and 
dispenses with the main common previously mentioned. 

The device (Fig. 68) employed tor this purpose con^sta o( 
a modified form of the regular polarized relay, provided with' 
suitable contacts and a restoring handle, l^e contact pres- 
sure is increased over that of the rE^ular polarized relay, at the 
same time retaining the relay's sensitiveness to reverse currents, 
the contacts are heavier in desizn, and the iron in the m^net 
is so distributed that a powerful magnetic blowout is obtained 
which effectually extinguishes any arc resulting from currents 
flowing through the contacts at the time ai their opening. 
The principles involved in the makii^ and breaking of the 
circuits, and in the restoration of the relay armature to the 
operatii^ position after having been reversed, are similar to 
those of tne cross protection circuit breaker previously de- 
scribed. The device, as installed, is enclosed in a sealed case 
(Fig. 69) to prevent any improper manipulation of the 
circuit breaker parts. 

This protective apparatus is mounted on the terminal board 
of the interlocking machine, occupying the same space as the 
r^ular polarized relay. The device, which is exceedingly 
simple in construction, is in no way subjected to weather con- 
ditions and is much more accessible tnan if located in the 
field at the various switches and signals, as is the ordinary 
practice with some systems employing individual cross pro- 
tection. 

Tests for Cross Protection 

It has previously been stated that all contacts and C 
tions depended upoQ for cross protection are under a cc 
automatic check during the regular operation of the different 
functions; therefore tests on the cross protection system are 
in no way requisite in the same sense that testa are necessary 
on switch points, to determine with what maximum opening 
the switch points can be locked. It is considered, however, 
that the satisfaction of having a working demonstration of 
the existence of the cross protection more than repays the 
slight trouble involved in making it one of the points to be 
checked up, on the regular inspection trip. 

The time chosen for conducting such a test should be when 
the voltage on the system is at the highest point attained in 
service. This will be when the interlocking battery is being 
charged, at which time the current will run up above 140 

The tests on the various switch functions may be secured 
^y making a connection between the normal and reverse operat- 
ic wires on the pole changer. 
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3 is always connected to battery positive (P^. 64). The 
test should be made by connecting energy onto the signal 
control wire as near as possible to the sigml motor, and if the 
signal circuit is connected to the common return wire thro;ffib 
one or more switch circuit controllers, the energy should be 
applied to this wire, care being taken to first open the connec- 
tion to the main common wire. Failure to open this connec- 
tion to common in all probability will result in blowing a fuse 
in the switch circuit from which the energy is being taken for 
the test, since under these conditions a short circuit to the 
common return wire is created. 

Where the plant has been sectionalized, one or two functions 
in a given section should be crossed up with wires taking energy 
from each of the other sections. In case the functions in tne 
various sections are widely separated, these crosses may be 
made between the binding posts in the terminal board of the 
inta'iocking machine, to avoid running a conductor long dis- 
tances over ground. This test will msure that the propw 
division of the functions was made at the time of installation, 
and that no undesirable connections have since been made. 

For the first test after an interlocking system has been 
installed it may be well to connect an adjustaole resistance in 
the wires used in making the crosses, starting with the resist- 
ance all in and gradually cutting it down until the circuit 
breaker opens. For the periodical tests which some railway 
companies carry out this resistance is generally considered 
unnecessary. 
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MODEL 5 FORM A SWITCH CIRCUIT CONTROLLER 
The Model 5 Form A awiteh circuit controller arranged for 
selecting signal circuits is shown by Figs, 73, 74 and 75. The 
operation of the contacts, which are forced open and forced 
closed, is effected through a cam movement, which causes 
all wear to come on heavy iron parts and not on the contacts. 
The contacts may be adjusted in pairs to make normal or 
reverse contact as required. One jiair is adjusted by 
means of the screw jaw on the connecting rod and the other 
pair by means of the cam (Fig. 187), the parts after adjust- 
ment oeing positively locked against working loose. The 
contacts and binding posts are mounted on a. vertical panel 
which gives convenient access to the binding posts when 
"conneclii^ up" and permits ready inspection of the " '" '" 



The case is provided with main and supplementary covers 
as shown by Fig. 74, the latter protecting the contacts from 
frost and condensation at all times, and when the main cover 
is open, from rain. The trunking cap and operating crank 
may be applied to either side of the circuit controller as proves 
most convenient in installation. 



THREE POSITION D. C. MOTOR RELAY 
The Three Position D. C. Motor relaj" is especially designed 
for wireless control automatic block signaling, but is readily 
adapted for use with three position polarized line circuits. 
The operatii^ mechanism consists of a small direct current 
motor having powerful permanent magnet fields with ample 
air gap between the armature and pole pieces. The contacts 
nre moved from the de-energized position to either of the 
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Fig. 71. Modkl 5 Form A 
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energized positions by the rotary motion of the motor armature, 
the movement ot which is transmitted to the contacts by 
suitable link connections. The closing ot one or the other 
sets of contacts is accomplished by a partial rotation of the 
armature, the direction being dependent on the polarity of 
the operating ciurent. 

The contacts have the same opening and pressure, and are 
similar in design to those used in the regular Model 9 D. C. 
relay. The maximum equipment of contacts in the four way 
relay, shown in Fig. 76, is four normal and four reverse, 
with four contacting fingers. It is to be noted that when 
used in connection with wireless signaling on polarized track 
work, the signal control is broken through one set of con- 



tacts only, while in the polar-neutral relay the control must 
be broken throiigh both polar and neutral contacts. This 
same holds true for the track control, which, owing to 
the decreased resistance of the contacts introduced into the 
circuit, means that cut-sections can be employed to as great 
an extent in polarized track circuit work, throi^h the use of 
this relay, as in the case of neutral track circuits employit^ 
the ordinary two position relay. 

The relay has several other important features which should 
be noted. The design is such that the chance of having the 
polarity reversed by a lai^e flush of current or by lightning is 
30 remote as to be negligible. The relay is not subject to 
residual magnetism troubles in any way, as its operation 
depends on current only, and not on electro-magnetic traction. 
This being the case, the drop away (50 per cent, of the normal 
>ick up) cannot change with time, and once fixed, always 



ELECTRIC INTERLOCKING HANDBOOK 



remains the same. The overall dimensions are such as to 
pennit its instellation in the space required by a D. C. tractive 
type relay having the same contacting capacity. 



TRACTIVE TYPE D, C. RELAYS 
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TRACK DIAGRAMS AND MANIPULATION CHARTS 
To facilitate the manipulation of the levers of the inter- 
locking machine, it ia customary to mount within full view of 
the leverman a diagram of the track layout showing the rela- 
tive location of all interlocked switch and signal functions, 
also a chart listing the various routes through the plant and 
the order in which the levers are to be moved in setting up 
each of these routes. By referring to the chart, the leverman 
'1 guided in manipulating the levers in the sequence imposed 



The track diagram and manipulation chart are uauaUy com- 
bined in one plan and mounted in a single frame, unless their 
combined size is prohibitively large, in which case they are 
framed separately. 

INDICATORS 
For 3 long time it has been customary to give to the lever- 
man an indication of the trains approaching the interlocking 
plant; with the advent of route locking and the semi-auto- 
matic control of signals, and the canse({uent general i 
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condition of all the track sections within the plant. This 
supplements the information given by the track diagram and 
manipulation chart, and adds considerably to the facility 
with which the traffic is handled. 

The approach sections are usually repeated by disc indicators 
and the different track sections between the home signal 
limits by semaphore indicators. These are generally located 
on the wall of the operating room near the track diagram, 
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being mounted either separately with individual covers or on 
a common frame with a single cover. The indicators, as shown 
by Figs. 81 and 82, may be equipped with contacts and thus 
perform the functions of a relay in addition to those of a 

ILLUMINATED TRACK DIAGRAMS 
A method of indicating the occupancy or non-occupancy 
of the various track sections, rather more elaborate than by 
the use of repeating indicators, is through the employment of 
the illuminated track diagram. This tj^e of indicator is 
of great assistance on extremely busy plants where it i» 
necessary to know when a train has cleared each route 
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SECTION III 



G. R. S. ALTERNATING CURRENT 
APPLIANCES 



DESCRIBING A. C. RELAYS AND THEIR 
USE IN INTERLOCKING WORK ; ALSO 
SINGLE AND DOUBLE RAIL A. C. 
TRACK CIRCUITS, AND TRANSFORMERS 
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ALTERNATING CURRENT RELAYS 

THE following pages have been written with the object ot 
acquainting thoae interested in this type of apparatus 
with the principal characteristics and proper application 
of the various alternating current relays manufacturefl by the 
General Railway Signal Company. 



In selecting any alternating current relay tor a given purpose, 
the following should be taken into consideratioc; 

Fint — Isthedevicetobeusedasa track relay or a line relay? 

It it is to be employed as a track relay, in all proba- 
bility it will be exposed to the influence of traction or foreign 
nUTents, and must, therefore, be of such design that it will not 
respond to currents other than that intended for its operation. 
Furthermore, if the track circuits are very long or the ballast 
y«y bad, or if the relay is to be located a long distance from 
its point of connection to the rails, the relay should necessarily 
require very little energy from the rails in order to avoid cut 
sections or undue energy consumption. On the other hand, 
vhen the opposite conditions exist, these relays need not be 
30 highly efficient and consequently may be smaller and less 

K required for use as a line relay the device will rarely be 
installed where it will be exposed to the influences of foreign 
or traction currents, and wnen such is the case, can be of 
sifflp]^, smaller, and less expensive design. 

Second — Is two or three position operation required? 

In this connection it should be noted that che amount of 
line wire can frequently be reduced by the employment of 
relays which have normal, reverse, and de-energized positions. 
To secure the equivalent of this using two position relays it 
may be necessary to install twice as many relays and additional 
line wire. A concrete example of this is the application of 
three position relays to polanzed track circuit work in which 
the caution and clear positions ot a signal are given over the 
track rails by reversing the polarity, and without the use of 
line wires at all.. 

Third — How many and what kind ot contacts is the relay 
to have? 

It frequently happens that as many as ten or twelve 
contacts are required and that these contacts must carry 
at comparatively high voltage a large amount of current ; 
in other cases but few contacts and these carrying very 
li^ht currenta are necessary. Furthermore, contacts equipped 
with "magnetic blowouts" may be needed to extinguish arcs 
which otherwise would be established in the handling of heavy 
direct currenta. These are features which often determine 
the selection of the relay. 
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Fourth — Generally speaking, the question of whether a 
relay is to be of hign or low ^ciency, and whether it would 

Eay to spend more or lesa for it, should be decided on the same 
asis that is used in selecting any piece of apparatus, viz: 
having determined the total cost of the device in place, includ- 
ing any neceaaaiy auxiliary devices, it is then proper to esti- 
mate the cost of the energy required for its operation, and 
that relay which will answer the purpose and cost the least, 
considering first cost, energy consumption, maintenance charges, 
interest, and depreciation, should, of course, be the one to use. 

Model 2 Form A Polyphase Relay 
The Model 2 Form A relay is especially designed tor power- 
ful and efhcient operation on very long track circuits. As 



Fici.86, MODKL 2 Form A Polypkabe Relay 
Four way. 

an evidence of this efficiency, it may be pointed out that with 
minimum energy consumption it has given perfect operation on 
track circuits of from three to four miles in length, and with 
trallast conditions far from favoring good track circuit operation. 

The relay is operated by a polyphase motor, which consists 
of a non-magnetic rotating shell or "TOtor," and fixed inner 
and outer cores, the outer core being the "stator" on which 
the windings are placed. These windings are designed and 
connected so as to produce {with alternating current applied) 
a rotating magnetic field, which in turn will mduce currents in 
the non-macpietic rotor causing it to operate. (Direct currents 
cannot produce this rotary field and, therefore, cannot cause 
operation.) The rotor is ordinarily connected to the con- 
'acts through the medium of a pinion and sector arrangement, 

Teby multiplying the effect of the rotor and permitting the 
'ation of a large number of contacts with a very small 
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UDOunt of energy applied. Furthermore, as it is possible to 
supply moat of the energy to the stator from a local source, 
only a small amount of energy is required from the rails to 
cause the relay to operate. These two points permit the 
operation of very long track circuits without the use of cut 
sections or undue energy conaumption. 

The relay is univer^ in its application, in that it may be 
wound for operation on steam roads, dectric roads using 
either A. C. or D. C. iiropulsion, or for openktion as a line 
device. Furthermore, it can be adapted for use on any 
Frequency current, for two or three position operation, and 
may be made fast or slow acting. 

The contacts are unusually Heavy in construction and are 
so deagned that any combination of front, back, or front and 
back contacts can be secured, changes being easily made on 
the ground if desired. Special contacts equipped with the 
"magnetic blowout" referred to on page 109 can also be fur- 
nished. The contact housine for the four and six way relays 
accommodate eight and twelve contact fingers, respectively. 
these controlling e^ht or twelve independent circuits. 

Model 2 Form B Relay 

The Model 2 Form B relay operates on the same general 
principles as the Model 2 Form A, employing the non-mag- 
netic rotor which permits it to operate with the same degree 
of safety and reliability. It is desired primarily to operate 
as a tine device but may be used m connection with track 
circuits to a limited extent; for instance, as a track relay for 
short track circuits on steam roads, or for short double rail 
track circuits on roads using direct current for propulsion. 
While the relay's efficiency is approximately but milf that of 
the Model 2 Form A it compares well, nevertheless, with other 
A. C. relays on the market. It operates on 25 or 60 cycle 
current, in two or three positions, and can be furnished either 
alow or quick acting. 

The Model 2 Form B relays have about the same overall 
dimensions as a D. C. rela^ of the same contact capacitjr, this 
feature permitting their installation in housings previouslv 
occupied by D. C, relays. The relay is assembled as a shelf 
or wall type device, as a tower indicator or as an interlocking 
relay. The contacts are limited to a maximum of four 
front and two back, or sis front and two back, in the four 
and six way relays, respectively. 

MoDBL 3 Form B Relay 
In the Model 3 Form B relay, the same construction is used 
for the housing, contact arrangement, etc., as in the Model 
2 Form B. The actuating movement is essentially the sar" 
as that of the Model 2 Form B, with the exception that 
operates in two positions only and is a single phase devi 
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Due to this feature the rek^ does not require the presence of 
local energy which ia sometimea difficult to provide for. The 
relay is equipped with a non-maBnetic rotor and is deseed 
primarily for use in connection with single rail track circuits 
on direct current electric traction roads. 

Model Z Form B Relay 

The Model Z Form B relay uses the same housing and is 
provided with contacts of the same design and arrangement 
as the Model 2 Form B and Model 3 Form B relays previously 
described. 

The Model Z relays are provided with a bipolar stator, 
with windings on eacn of the poles, and a rotary armature so 



shaped that when current (either direct or altematii^) is 
applied to the windings, a uniform torque is produced, which 
causes the rotor to operate through about ninety degrees. 
This movement is transmitted by means of a suitable connec- 
tion to the contacts. 

Being operable on direct current, the relav is adapted for 
line service only. Its exceptionally high efficiency makes it 
preferable tor this type of work where direct current does not ' 
exist on the line and where single phase operation is desired. I 
The relay operates in two positions only. | 

In conclusion, attention is directed to the comparatively 
few types of relays needed to cover the full range of require- I 
nents of A. C. signaling. j 
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It will be noted by reference to the description which has 
preceded: 

Pint — That but two general forms of construction are 
employed, viz: the larger, more efficient form (Fig. 86), 
especially adapted tor track circuit work, and the small, mod- 
erately efficient form (Fig. 87), especially designed for line 
circuits and short track circuits. 



relays, and the electro-magnetic as employed in the Model Z 

TTiird — That each form ia made in two sizes to accommodate 
more or less contacts as required. 

With these two forms, two principles of operation and 
two sizes of relays, wound and equipped with contacts as may 
be necessary, all the requirements of A. C. signalii^ can be 
met without resorting to a greater number of types. It will, 
therefore, be seen that the G. R. S. relay construction has 
placed A. C. relays, as regards the diversity of types required, 
on practically the same basis with the relays used in connec- 
tion with D. C. signaling. 
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SINGLE RAIL ALTERNATING CURRENT 
TRACK CIRCUITS 



track circuit, insulated joints are placed in one rail only, 
the other rail bein^ used in common by the return propulsion 
current and the signaling current (see Figs. 88 and 89). It 
will be seen that single rail track circuits are used to best ad- 
vantage where there are two or more parallel tracks, in 
that tne power or common rail of all these tracks can be bonded 
together, thus preventing interruption of the propulsion current 
return in the event of a break in the power bondii^ in any one 
o( the continuous rails. 

Advantages 
The chief advantage of single rail track circuits as compared 
to the double rail t^e is in its lesser coat and complication, 
the double rail circuits requirii^ the installation of impedance 
bonds to provide a continuous return for the propulsion cur- 
rent. As there are usually a number of comparatively short 
track circuits at an interlocking plant, it is seen that the use 
of double rail tiack circuits with impedance bonds would t>e 
very expensive. It is furthermore true that at many plants, 
the track arrangement is such that it would be extremely 
(UfRcult to secure space at the bond locations tor their installa- 

LlMITATIONS 

TrOftitm Return. When single rail track circuits are in- 
stalled, both raiis cannot be retained for traction purposes, as 

noted above. If the giving up of one rail leaves insufficient 
return for the propulsion current, the use of single rail track 
circuits is barred and double rail track circuits would probably 
have to be employed. 

Broken Rail Protection. Single rail track circuits do not 
give broken rail protection due to the cross bonding required 
for traction purposes, which provides a number of return 

Saths through the rails of other tracks for the signaling current. 
>n this account the use of single rail track circuits should be 
restricted to slow speed tracks, such for example as in terminals, 
or to siding tracks. 

Length. The permissible length of single rail track circuits 
is limited either oy ballast conditions, by the traction drop in 
the return rail between the points of connection of the trans- 
former and the track relay to the common rail, or by the com- 
bination of ballast and drop. The Model 2 Form A relay as 
ordinarily constructed is capable of carrying 10 amperes direct 
current through its track winding without overheating or 
heine caused to open. 
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the s^nalii^ rail, the track winding of relay and back to the 
common rail, this effect being maximum when a train is on 
the transformer end of the track circuit, thereby cutting out 
the tranaformer resistance and allowii^ the fufl drop to be 
effective through the signaling rail and relay in series. 

In view of the fact that the common return rail ha w a n^~ 
ligible resistance, there are times when it can be assumed that 
all of this drop is effective aeroaa the relay, and to prevent a 
prohibitive amount of du-ect current from flowing throi^h 
the relay, under ordinary conditions a limiting resistance is 
added in series with the relay. 

If however the track circuit is long or the ballast bad, the 
traction drop will in all probability be excessive, thereby 
requiring that the limiting resistance be high, which in turn 
necessitates that a correspondingly high A. C. voltage be 
impressed across the rails at the rela^ location in order to 
secure operation; this A. C. voltage is limited since as the 
voltage IS increased the current leakage between the rails 
throughout the length of the track circuit increases very 
rapidly. To take care of such a condition an impedance hav- 
ing low ohmic resistance to direct current, but high resistance 
to alternating current, may be shunted across the relay ter- 
minals, this permitting a large amount of direct current 
to flow through the relay and impedance combined with- 
out cau^ng more than 10 amperes direct current to flow 
through the relay; a unit of low resistance is still required, 
being connected in series with the relay and impedance, this 
resistance necessarily being in the nature of a grid since it 
has to carry a comparatively laige amount of direct current. 
With this arrangement the Wanaforraer should be designed to 
stand a large amount of direct current through its 'secondary 
winding without having its A. C. voltage seriously affected. 

Under the conditions ordinarily found m terminals or where it 
b permissible to use single rail track circuits, it will be found that 
the use of a resistance in series with the relay is adequate to se- 
cure proper operation, it being necessary only in rare cases to em- 
ploy the impedance shunted around the terminals of the relay as 
above described. 

Energy Required 

The enei^ requhed for the operation of single rail track 
circuits depends upon the amount of traction drop in the com- 
mon rail and upon the ballast conditions. In an interlocking 
plant where the track circuits may average 500 feet in length, 
the energy per track circuit, employing the Model 2 Form A 
track re&y, should not exceed the figures given below ; . 
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Types of Single Rail Track Circuits 



In the past the c 
rail A, C. track circi 
former at one end of the track circuit and the relay with its 
housing and auxiliary apparatus at the other end; this re- 
quires that the relay must be repeated into the interlocking sta- 
tion to operate other relays or indicators. A simplifiea dia- 
gram of such a circuit is illustrated b^ Fig. 88. 

In sharp contrast with this is shown in Fig. 89, the method 
which can be used when a high efficiency polyphase relay such 
as ^e Model 2 Form A ia employed. By feeding the track 
circuit from a central source and extendi!^ the relay leads 
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Track relay and transformer located at triick circuit. 

from the track circuit into the station , the amount of apiKiratua 
can be cut down, maintenance costs reduced to a mmimum, 
and certain safety features, not obtainable in the other arrange- 
ment, secured. 

It will be noted that in the central energy scheme, the 
vital parts of the track circuit are located in the station directly 
under the eye of the maintainer which permits adjustments to 
be made under the moat favorable conditions. Due to the 
simplicity and accessibility of this type of track circuit, main- 
tenance IS reduced to a mmimum. 

A considerable amount of apparatus is saved by this kind of 
an installation, since secondary relays with their track boxes, 

'■'tional wirii^ and fusing, are not required: furthermore, 
umerooa track transformers which otherwise would have 
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to be distributed from one end of the interlocking plant to 
the other are eliminated due to the circuits being fed from one 
central point. The resistance of the leads from the track 
circuit to the relay and transformer, constitute a part of the 
hmiting resistance required in series with these pieces of ap- 
paratus. 

A safety feature obtainable in the central energy scheme 
wliich cannot he overlooked is in the protection against crosses. 
It will be noted by reference to Fig. 88 that a cross at X will 
cause false operation of the repeating relay in the station, 
whereas a similar cross in Fig. 89 prevents, as it should, 
operation of the relay. Every step toward simplicity is a 
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step towards safety and this central ener^ control is the 
last word in simplicity as regards track circuits. 

The high efficiency of the Model 2 Form A relay especially 
adapts it for this kind of work, the relay requiring but a small 
amount of current from the rails, while a comparatively large 
amount is supplied at the station for the local phase of the relay. 
The relay may he equipped with an indicator blade and 
located in plain sight of the leverman, thus dispensing with the 
necessity of repeating indicators which might otherwise be 
required tor this purpose. 

Typical Installation of the Central Energy Scheme 

Fig. 90, which is typical of a laree G. R. S. installatio" 

illusbates the extension of the principle of Fig. S9 into t 

complete wiring required in connection with this type of trs 



GENERAL RAILWAY SIGNAL COMPANY 



InteHocklng Station Um 



i-ite 



ELECTRIC INTERLOCKING HANDBOOK 



drmjt work. It also indicates the control between the inter- 

lockiiig machine and the switch and eignal functions in the 
given section of track, and shows the method of controlling 

tbe switch lever locks and track indicators through the track 
Mfay. 

Tne track relays and transformerB are shown located in the 
station, the latter being installed in duplicate to prevent any 
interruption of service should anything happen to one of 
the transformers. It will be noted that the transformers, 
besides feeding the track circuits, are used to furnish energy 
for the signal l^htir^ and the operation of all A. C. appa- 
ratus. The track winding of these transformers is brought to 
a buss bar on the distributing switchboard, the individual 
leads of the various track circuits being connected to this buss. 
It is general practice where the track circuits vary sufiiciently, 
or wEere any of them are located far enough from the station 
to require much more volt^e than the others, to provide the 
track winding of the transformer with a number of taps which 
are carried to different buss bars, the individual leads of the 
different track circuits being taken from one buss or the 
other as required. 
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IMPEDANCE BONDS FOR DOUBLE RAIL 
ALTERNATING CURRENT TRACK 

CIRCUITS 
HEN it is desired to install A. C. track circuita and 
both rails must be retained for propulsion p\irposes, 
double rail track circuits, such as are shown by the 
lical circuit. Fig. 238, must be employed. It will be noted 
.t the track is divided into sections of varying lei^flJi by 
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means of insulated ra.il joints. Impedance bonds are installed 
at such locations for the purpose of providing around the joints 
a low resistance path for the return D, C. propulsion current, 
while not permitting the passage of the A. C. signaling current. 
The bonds consist of a few turns of heavy copper wound 
about, but insulated from, a laminated iron core, the con- 
nections to the rails being so made that the traction current 
has no ma^etic effect on the bond, provided an equal amount 
is flowing m each of the rails. If, however, more current is 
flowing in one ra.il than in the other, there will be a tendency 
to saturate the iron core and thereby reduce the impedance 
of the bond. This effect, which is called "untralancing," 
is limited by introducing an air gap into the magnetic circuit, 
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the bonds ordinarily being designed to stand 20 per cent. 
unbalancing without a decrease of more than 10 per cent, in 

The size of the bond to be installed is depeiident upon the 
amount of current the bond will have to cany, the impedance 
to which it must b« wound (this being more or less dependent 
upon the length of the track cu-cuit), and upon the amount of 
untuilancing to be taken care of. Where good traction bond- 
ing can be maintained a less amount of unbalancing can be 
figured upon, and hence a smaller size of bond employed. 
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The Size 1 Form C bond, which is the lai^eat, is installed 
only where the heaviest traffic requirements are to be met, the 
aze of the bond requiring that it be located outside of the rails. 
The Size 2 Form B and Size 3 Form A bonds are of such dimen- 
sions as to permit their being installed between the rails. 
These smaller bonds are furnished with alojiing covers to pre- 
vent their being caueht by dragging train parts, and are 
especially designed to nave their leads Drought out of the cp 
in s manner to facilitate connection to the rails. 



TRANSFORMERS 
High Tension Line Transformers 
,HE Type L transformer is a single phase, oil immersed, 
self cooled, pole type transformer, designed to step down 
■ the transmission fine voltage (6,600 volts maximum) at 
signal and track feed locations, to the volt^e required for the 
operation of the signal system. 
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The combinations in which these transformers are made up 
are as follows: 

1, High tension primary winding and low tension. secoadaiy 
winding for feeding relay locals, signal mechanisms, and lights. 

3. High tension primary winding and low tension secondary 
■ling for feeding track circuits. . ■ i 
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3. High tension primary winding and low tension secondary 
windings, one for feeding relay lo<»ls, signal mechanisms and 
lights, and one or two for feeding track circuits. 

The primary or high tension winding ma^ be equipped 
with 5 and 10 per cent, taps brought to a suitable porcelain 
terminal block, which ordinarily is located below the oil 
level to minimize the liability of lightning arcing from post to 
post. The secondary leads and taps are brought to a sepa- 
rate porcelain terminal board located above the oil level. 

The transformer windings are contained in a. cast iron, 
wat^-proof case, which is ntted with lugs to take the hanger 
irons necessary for mounting. 

These transformers are built with the same relative polarity 
and are so constructed that reversing the polarity of the track 
feed may be accomplished on the terminal block inside the 
transformer without changing the permanent exterior circuit 
connections. 
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Core losses and copper losses are lower and the efficiency 
higher than usually is obtainable on this special class of trans- 
formers. Good regulation on low power factor, low exciting 
current and high insulation (insulation tests being 50 per cent, 
above A. I. E. E. standards) are features which combine 
to form an exceptional transformer in point of long life and 
safety. The transformer design is strictly in accordance with 
R. S. A. specifications. 

Secondary Track Transformers 

The Type K secondary track transformer as illustrated by 

Fig. S.'i IS of the air cooled type and is especially designed 

for feeding individual track circuits, being used, however, to 

some extent, in connection with low voltage tungsten light- 

The tranaformers are ordinarily made up with one high 
tension primary winding and one low tension secondary 
winding, this latter being provided with taps for the adjust- 
ment of the track circuit feeds. The primaries are wound 
for any volt^e up to 440 as specified and as ordinarily 
installed are connected to the low tension secondary of the 
line traoaformer. These connections can be made and th*" 
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track transformer housed in the relay box ordinarily installed 
at stgn&l locations. 

The cover of the transiformer is provided with binding posts 
for both high and low tension windings. The case is of cast 
iron, light in weight, and is provided both with lugs for hang- 
ing, and with feet to permit of the device being mounted as 
desired. 

The same exceptional efficiency, regulation, and low excitit^ 
current are obtained in this class of tmnsformer as in the l^P^ 
L transformers, previously described. 
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SECTION IV 



SIGNAL LIGHTING AT INTERLOCKING 

PLANTS 



COVERING RECOMMENDED PRACTICE 

FOR ELECTRIC LIGHTING AS TO THE 
ARRANGEMENT OF LAMPS, SOURCE 
OF POWER, AND PRECAUTIONS TO 
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SIGNAL LIGHTING AT INTERLOCKING 
PLANTS 

THE (luestioii as t6 whether oil or electricity is to b« tiaed 
for lighting the aignals at electric interlocking plants, d»- 
penda mt what ia moat economical and aatismctory under 
the particular conditions existing at each separate plant. 

In manjr caaea a decision as to the type of lighting best 
adapted to a given plant can be eaailjr reached. For example: 
If commwciaJ power of proper voltage ia available at low 
cost, w if alternating current is employed in connection with 
the signaling, it will undoubtedly be found desirable to light 
the luops dectrically; this is especially ao if the plant is a 
,v€>7 laive one, ss at such a point the oil lamps would require 
a BpeatS force of lampmen for their maintenance. On the 
other hand, if commercial power is not available or can be 
secured onlv at a high rate, or if the plant is so small that oil 
lampa could be cared for hy the force regularly employed, it 
will probably be found most economical to use oil lighting. 

In caws where the course to be followed is not ao evident, a 
earful estimate of the Initial expense involved and of the cost 
of opoation and maintenance, diould be prepared before a 
decision is reached. In the case of oil lighting it is merdy 
neceaeaiy to consider the cost of the lamps, oil, maintenance, 
etc. In the case of electric lighting, however, a Dumb^ of 
other considerations enter into the problem as outiined on 
the following pages. 

Type and Arrangement of BuijBS in Signal Lamps 
The bulbs used in this type of work are ordinarily of low 
candle power, it having been found that ample l^ht is seciu^ 
from bulbs of two or four candle power, when the lighting is 
<qierated at 110 volts, the carbon filament type is installed, it 
being considered that metallic filament bulbs of such low 
candle power are too frail to be reliable wh«i designed for 
operation on this voltage. Where it is possible, however, to 
furnish current at a potential of from 6 to 12 volts, the high 
efficiency of the metallic filament type can readily be made 
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In determinliig the ammgranent of the bulbs in each d^nal 
lamp, the first coiisidenitlon 1b to insure the eiKnalB agsinst 



- . JT befiu withtnit light. On this account, genow practice fasa 
bera to fikve each anial lamp conbdn two bulbs, connected 
in multiple, it b^ig nieUy improbsbl« tliat both will bum 
out at the Hune time. The reduced brilliancy ot the Bienal 
light, remiltinE from the burning out of one of the bulbe, 
cauies the future to be quickly detected and permits the 
neeeaaaiy renewal to be made at once. 

Where two bulbs, burning in multiple, give more than the 
■mount of light r^iuired, an economy can be effected without 
Baerifidnx r3iability by employing "cut in" relays which 
permit the burning of but one of the bulbs at a time. The 
c(»l of this "cut In ' relay is connected in series with the bulh 
that is to bum normally, a back contact on the relay b^ng 
arranged to connect the reserve bulb across the lighting mains 
in the event of failure of the one in service. 

Another way to reduce the energy consumption and still 
retain the neceoaiy reserve, is to use the fa%h efficiency 
metallic filament bulbs connected in multiple. As stat^ 
above, a low candle power bulb of this type to be reliable 
must be operated on low voHage. 

NOBMAL SOUBCa or POWBR AND THB NBC»BaABy BSBBBVB 

Having touched upon the type and arrangement of the 
bulbs to oe used in signal lamps, the next consideration should 
be with regard to the normal power supplv and what reserve 
should be provided to keep the lights burning in case of 
emo'^eney. 

It IS r«coi 

hould be o. . ._ _ .. _ _. 

being arranged so that the lighting systems will be quickly 
transferred on to the 110 volt Intoloeldng battery in the 
event of failure of the commercial power. It will be seen 
that this use of the interlocking battery as a reswve restricts 
the lighting to opmition on 110 volts. The commercial power 
may be eitbw alternating or direct current and will in all 
probability be delivered at 110 or 220 volts. If this potential 
IB 220 volts, it U. of course, necessary to install a motor gen- 
erator set, transformer, etc., to reduce the voltage to that 



such, for instance, as can be obtained when the Interlocking , 

K' int is located in A. C. automatic signal territory, the reserve 
ttery is not considered necessary, and this permits the Udit- ' 
ing sj^tem to be operated at any volti^ dedred. In such a ' 
' " ■"' ■ ' 'I i^Krated, 

-ir voMage, 

his connection it is to be noted that low voltage lighting 
'd be restricted to points where the current supply b aluo- 



ng syBi^em 1,0 oe opeistea ac any voic^e aesirea. in 
ase low voltage metallic filament tamps can be apt 
TansmisBion about the plant being made at a higher v 
' 'u avoiding the neeenity of installing large Hutting 
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hitely reliable, except in the caae of a plant with compani- 
tively few si^tala, at which plant a low voltage battery of 
suitable capacity is available for use as a reserve. 

In caae conunercial power, of the proper voltage, or sig- 
nsling power cannot be secured, the lignte should then be oper- 
ated from the chargii^ generator, provision bdn^ made to 
ttansfa* the lights onto the interlocking battay in case of 
foilure of the venerating unit. Attention ia called to the 
unde^rability of lightina; from this source unless either the 
charginz unit or Interlocking battery is installed id duplicate, 
Bince if only one generator and one battery were employed, 
the capaci^ of the battery would have to be excessively 
large to provide sufficient reserve against the &ilure of the 
cbai^:uig generator, such a failure in all probability being of 
longer duration than would be the case with commercial 
power. 

Pbecautionb 

In opeuting the lighting system from a chaiginri: generator 
greKt care should be used to see that the normal voltage of the 
hmpB is never exceeded, since the bulbs will be quicl^ burnt 
out if subjected to an escesa voltage. This increased voltage 
always exmts when the cbaiging generator is supplying cur> 
rent for the lighting system at the same time it is.coarging the 
interioddng battery; therefore, a regulating device must be 
provided to maintain the voltage on the lamps at the normal 
point. This device ordinarily is a hand operated rheostat 
which has sufBcient r^ulation to permit the voltage to be 
kept at normal. It will be seen that the device will require 
the maintainer's attention at frequent intavals; this, how- 
eva, cannot be considered seriom, as under such conditions 
the interlocking battery would never be charged at night except 
in caae of emergency. Where duplicate batteries are employed, 
a regulating device is not required, as the combination of 
switcnes on the power board can be so arranged that it b 
impoenble to serve the lighting circuits from the ^ttery 
that is being charged. 

Precaution reepectins cross protection should be observed 
whenever the interlockms battery may be called upon to 
furnish current for the lighting system. At plants where the 
operating switchboard is etiuipped with the cross protection 
circuit breaker shown in Fig. 24 (both positive and negative 
battery connections beii^ broken through the circuit break«r 
contacts), the signals can be electrically lighted from the Inter- 
locking biattery without endangering the proper operation of 
tlte switchea, signals, or other functions of the plant. Q, 
however, it is proposed to electrically light the signals of an 
existing G. R. S. plant at which plant the old type of circuit 
breaker (See. 1, Elec. Int. Cat., page 280) is installed, it is 
strongly recommended that the operating switchbotu^ be 
equit^ed with the double pole circuit breE^cer (Fig. 24) anr* 
the circuits rearranged to embody the principles of the wiri- 
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RBCOUUBKDATIONa 

It is recommended that two bulbe alvays be installed in 
each sinial lamp, burning in multiple or operated in connec- 
tion wiui a "cut in" relay. 

Re^dJi% the source of power, it is recommended as »)od 
practice iokt commercial power be employed, providing 
arrangements are made to cut the lighting system onto the 
int«dockinE battery in case of &ilure of the commercial source. 

Where the interlocking plant is located in A. C. automatie 
signal territory the lighting may be operated on any volt^ 
desired. At such a point hieh efficiency metallic filament 
lamps can readily be operated. No reserve is necessary, in 
view of the (act that the signal transmiwion line is always 
thoroughly protected against powa- iaihire. 

Where nather commercial power nor A. C. ra^naling current 
is available, the signal lighting may be dectncally operated 
from the charging goierator, providii^ the interlocking bat- 
tery ia (or batteries are) of sufficient capacity to insure the 
continuous operation of the interlocking and hghtiog systems 
through any period of time necessary to repair a bih^ on the 
part ot the charging unit. 

In all cases vno^ storage batteries may be called upon to 
furnish current for the lightfi^ circuits, regulating apparatus 
must be installed to permit the current from such battery to 
be d^vered to the lighting mains at normal voltage during a 
charging period. 

whenever the intaioddng battery serves as a reserve, tha 
circuits and apparatus on the operating switchboard must be 
such that operation of the lighting system will in no way 
endanger cross protection. 
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ELECTRIC LOCKING AND CHECK LOCKING 



GIVING A DESCRIPTION OF THE VARI- 
OUS TYPES OF CIRCUITS AND THEIR 
APPLICATION TO ELECTRIC INTER- 
LOCKING WORK 
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ELECTRIC LOCKING 

ELECTRIC locking as defined by the Railwaj- Signal Asso- 
ciation consists of "the combination of one or mora elec- 
tric locks and controlling cireuitfi by means of which 
levers in an interiocking machine, or switches or other devices 
(^erated in connection with signaling and interlocking, are 
secured against operation under certain conditions," 

Electric locking is a development of the tendency in rail- 
way signaling practice to constantly decrease the manual 
control of all functions and to Increase the automatic control. 



concentrated in a central machine. The real beginning of 
electric lockir^, however, was in the installation at mechani- 
cal plants of locking circuits which wra'e to prevent the lever- 
man from changing the route in the face of an approaching 
train. This was foUowed by a step which had its inception in 
the all-electric intra'locldng s^tem: natnelv, section or detector 
locking which was designed to afford safety to a tndn from 
the time it passed the home signal location until it cleared 
the limits of the interlocking ^lant. As first installed in con- 
nection with electric interlocMng, the switches and derails in 
a given track section were prevented from beii^ thrown while 
a train was on that track section, by interrupting the current 
supply to those functions by means of a relay controlled by 
the track relay of the section in question. At the present 
time this method of control is not generally used with the 
all-electric syBtem, having given way to the practice of equip- 
pii^ each switch and derau lever with electric locks, properly 
controlled by the various track sections. 

Ever since the time of those first successful installations, 
the signal men of the country have become more and more 
^ve to the fact that safety of railway operation could be 
much further assured by the development of this principle of 
automatically preventing the operation of functions which 
might endanger the safety of trains approaching or passing 
through interlocking plants. In fact, at the present time 
electric locking has come to be considered by many a necessary 
adjunct to an mterlocking plant. 

Due to the rapidity of the development of the art, a wide 
range of methods has been used to accomplish the same 
r«9i3t; the principles involved, nevertheless, have been so 
nearly uniform that it has become possible to determine the 
elements that enter into good practice. For instance, it will 
be found that it ^ould always be possible to restore the home 
signal to the normal position, even though it may not be 
desirable to rdease the route beyond. Also in case of emerg- 
«icy, release of the route is generallv permitted through ' 
use of a time rdease or hand switch; the circuits are 
that when the device has been operated to secure the d< 
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release, some circuit essential to tbe operation of either switch 
or mKnal functions will be broken, thus necesaitatinK that the 
time release or band switch be returned to its normal position 
before operation of the switches or rapials affected can be 
resumed. 

Based on the above, the Railway Signal Association has 
classified Electric Locking in the following manner: 
"Section Locking. Electric locking effective while a train 
occupies a given section of a route and adapted to prevent 
manipulation of levers that would endanger the train while 
it is within that section." 

An illustration of section locking is given in fV. 97, showins 
tiie manner of controlling the locks with which the ewitch 
levers are equipped. As the levers are locked in either the 
full normal or full reverse position, it will be seen that the 
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operator iaprevented from changing the position of th« switches 
or dentils m a given section during sucn time as that section 
ia occupied or fouled by a train. 

" Bourn LocKjNO. Electric loddng taldi^ effect when a train 
passes a signal and adapted to prevent manipulation of levers 
that would endanger tha train while it ia within the limits 
of the route enter^." 

Route locking is a development of section locking in which 
the switches and darails in aJl sections of any route are locked 
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Nora. — To podtive batter)' thnuiAi lever coatacte uid relay* ta de- 
toioiDSd by the layout ot tntck indicated by dotted lln«. 

from the time a tnun enters that route until such time as the 



circuits become somewhat complicated when used in c 

tion with an interlocking where the routing of each sigoal 
may extend over a numwr of combinations of track sections. 
"SECnoNAL Route Locking. Route locking so arranged that 
a train, in clearing each section of the route, releases the locking 
affecting that section." 

This IS a further development of section locking in w' 
tlie functions in all sections in a given route are locke 
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soon OB the train has passed the home signal, the functions in 
each section, however, bdng rdeased behmd the train as sooa 
as the train has passed out of the section. 

The installation of sectional route locking has been largely- 
restricted to points such as congested tenninals where the 
maximum number of traffic movements is demanded with a 
maximum of protection. Due to its bav^ little us^ and on 
account of the rather complicated circuits involved, no at- 
tempt has been made to show any typical ilhistration ot the 
circuits required in such work. 
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"ArFROACH LOCKINO, Electric locking effective while a train 
is approaching a signal that has been set for it to proceed and 
adapted to prevent manipulation of levrav or devices that 
would endanger that train/' 

Fig. 99 shows an approach locking circuit in which a half 
revoke lock on the borne signal lever, through the medium of 
the locking between the signal and switch levers, prevents the 
release of the route during such time as the lock is de-energized. 
The locking becomes effective after the signal for the route has 
been cleared and the train has passed a predetermined point, 
which in F^. 99 is the annunciator section; the locking is 
released as soon as the train passes the home signal. 

It will be noted tbat in Fig. 99 no protection is given after 

the train has paffled the home signal, i, e. — no route locking 

protection is afforded. Protection can be given through the 

-• — • i^ releasing the s^nal tev^- in the firet section beyond 

■ts of the plant instead of on the forty-five degree 
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"Stick Locking. Electric lockii^ taking effect upon the 
setting of a nenal for a train to proceed, released bv a passing 
tr^n, and a&pted to prevent manipulation of leveni that 
vould endanger an approaching train. 

Stick locking in reality is only another form of approach 
locldng, being different in that it becomes effectve on the 
reversal of the home s^nal lever and does not further depend 
on the approach of a train. 

Fig. loo shows a stick locking circuit in which the half reverse 
lock, with which the signal lever is equipped, prevents its 
return to the full norrn^ position, and, therefore, the release 
of the route governed, untu such time as a train has passed on 
to the release section; this section is shown located beyond the 
interlockitig limits ae mentioned under "Approach Locking." 
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It will be seen that it is necessaiy to restore the signal lever to 
the normal position while the tram Is on the releasing section, 
otherwise the signal lever can only be returned to the full 
normal position tiirough the operation of the time release. 
If desired, the releasing sectdon may be extended to include 
the several track sections in the route so that the lever may 
be restored to the normal podtion any time the train is within 
the limits of the route. 

"Indication LociaNa. Electric lockii^ adapted to prevent 
any manipulation of lev«« that would bring about an unsafe 
condition m case a signal, switch, or othtr operated device fails 
to make a movement carrcq>onding with tbat of the operatii^ 
lever; or adapted dhrectly to prevoit the opentdon of one de- 
vice in case another device, to be t^Hrated firtit, fails to make 
the required mov«iient." 

As an illustration of this type of locking may be taken 
any electrical device, which is deidgned to mdicate the cc' 
reepondence of portion between a unit and its contnrf' 
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lever. The Bimpleet enunple !a the indication of the pontioo 
of a semaphore blade by means of b lock or other device on 
the governing lever, the control of this lock beinz carried 
throi^h the circuit breaker on the tdgnal. The well-known 
dynamic indication of the all-dectric system is a striking 
example of indication locking. 

It wiU be found that with the exception of c^tain forma of 
indication locking, such as the dynamic indication, the differ- 
ent basic forms of electric locking as outlined above are sddom 
used alone, but in combinations. 




lecka on Switch Uwrsb 

1. 101. CiBccns roa Cohbinatiom or Affboach, Ihdicatio 
AKD BscnoN LocKura 



Fig. 101 illustrates the use of an approach locking circuit in 
conjunction with section locking, and with Indication locking 
tor distant signal No. 1. In this drcult the control is secured 
by etiuipping the switch levers with electric locks governed by 
a stick relay. The locking becomes effective wh«i signal 
No. 6 is cleared but is capable of being released by the return 
of lever No. 6 to the normal position, providing a train has 
paaaed Into the releasing section, or providii^ no train is on 
any of the track sections repeated by the annunciator and 
the fortv-five d^ree control relay for signal No. 6. This 
't does not require that the lever be returned to the 
^ position while the train is on the rdeasing section. 
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If this feature is dedred the control may be brokrai through 
the contacts on levtr No. 6 instead of through the circuit 
breaker of the ragnal. 

The hidication locking feature consists of carrying the 
control of the stick relay through the circuit breaker of dis- 
tant signal No, 1 to prevent rflease of the route under any 
condition if signal No. 1 is not in the caution or stop position. 

Fig. 102 illustrates a similar arrangemeiit of tracks and sig- 
nals, with circuits providing stick locking, section locking, and 
indication locking. It is to be noted thkt in every particular 
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Full NotitMl «nd Bcvcrac 
locka on SnTtch Levers 
Fia. lOS. CiBCTcn fob Cohbihatioh ot Stick, Indkutioh ams 
Sbotiow LocKiHa 

this circuit is the same as that in Fig. 101, except that the stick 
relay does not have a pick up through the forty-five 
degree control relay and the annunciator in series; the 
oimsnon of this wire classes the circuit under "Stidc Locking." 
The locking becomes eflective upon the clearing of signal 
■"" ^ ""'' 'a released by a train on the clearing section or by 
ereWse. 
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CHECK LOCKING 

WHEN interloddng plants are located a comparatively 
short distance apart, it is advisable and trequently 
necessary to install what is known as "Check Lock- 
ing," which enforces coSpenttion between tbe levennen at the 
two plants in such a manner as to prevent opposing signals, 
govemuig over the same track, from being at proceed at the 
same time. Furthermore, after a signal has been cleared and 
accepted by a train, check locking prevents an opposing signal 
at the adjacent interlocking plant mtm being cleared imtiTthe 
train has passed through to that plant. 

Fig. 103 shows a check locking circuit which involves the 
use of check lock levers at each plant, the arrangement and 
method of operation of these levers making the circuit especially 

J1_H ' O ntn , 




adaptable wh«-e there is no preference as to the direction of 
traffic. The signal levers at each station, governing move- 
ments over the intervening track, are so interlocked with the 
check lock levers in their re^ecttve machines, that they may 
not be moved from their full normal position until their re- 
spective check lock levers have been moved to the full reverse 
position. By reference to Fig. 103 it will be seen that the 
check lock levers are so controUed that but one of tbem can 
be in the fuU reverse position at the same time. Theriefore, 
it is impossible for sigi^ls No. 1 and No. 20 at stations A and 
Z, respectively, to be displayed at proceed at the same time. 

The control circuit for the check lock levers is shown broken 
through relay X, which represents the track relays for tbe 
sections between signals No. 1 and No. 20. This prevents a 
check lock lever being thrown to the full reverse position 
and, consequently, any traffic movement from being made 
-during such time as these sections are occupied. The release 
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of eith^ lever in moving to the reverse position is effected 
by current taken from the batta? »t the far end of the circuit. 

The check locking circuit shown in Fis. 104 is designed for 
operation when th»e is a pref^ence in the direction of traffic, 
Bince traffic movements can normally be made from A to Z 
without any interference from the check locking, it hwog 
necessary, however, when making a movement from Z to A 
(arainst traffic) to opo^te both check lock levera. 

Each station is equipped with a check lock lever so interlocked 
with Bienal levera No. 1 and No. 20, that lever No. 1 is 
free to be moved only when the check lock lever at A is full 
normal, and lever No. 20 only when the check lock lever 
at Z is full reverse. The control, however, of the check 
lock levers is such that the lever at Z can be reversed only 

a^ lO MIL. 




Foru 

after the check lock levta- at A has been thrown to the full 
reverse position, and, after having been moved from its normal 
position, the levtr at A can be returned to the full normal 
position only after the return of the check lock lever at Z to 
full normal. Thus it will be seen that it is impoBsible to have 
a condition existing which would permit signal levers No. 1 
and No. 20 to be revo'sed at the same time. 

The final movement of the check lock levw at Z in being 
moved to the full reverse position, and of the check lock lever 
at A in bdng placed normal, is permitted by energy secured 
from the batb^ located at the far end of the circuit. 
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SECTION VI 



INSTALLATION AND OPERATING DATA FOR 
POWER PLANTS AND SWITCHBOARDS 



COVERING LEAD TYPE STORAGE BAT- 
TERIES, GENERATORS AND MOTOR 
GENERATORS, GASOLINE ENGINES AND 
SWITCHBOARDS, WITH DATA AND 
TABLES FOR THE DETERMINATION OF 
THE PROPER TYPE AND CAPACITIES 
OF APPARATUS 
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LEAD TYPE STORAGE BATTERIES 

STORAGE or Beconduy batteriee consist of ceUa, the plates 
and electrolyte of which can be restored to their ongitutl 
condition after discharge, by forcing an electric current 
through the cell in the direction opposite to that taken by 
the current produced by the cell. When a primary battery 
is exhausted the electrol^e and elements are renewed before 
further use. It is in this reversability or regeneration that 
liee the fundamental difference between storage and primary 
cells. 

The lead tjpe storage cell consists essentially of two 
plates or Eets of plates suspended in a dilute solution of sul- 
phuric add. There ar^ many forms of plate construction, but 
the chonical compositiDn is gentsally the same, the podtive 
and negative plates being made of peroxide of lead and pure 
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or "monge " lead, reepectivdy. When the demoitB are com- 
posed of more than two plates the negative platee in each 
cell are one more in numner than the poffltivee. Wooden 
or hard rubber separators are introduced oetween the plates 
to prevent any of the positives from coming into contact with 
the negative plates, thus causing short circmt. 

When the circuit is dosed and the battery discharging, the 
sulphuric acid combines with the lead in the dements forming 
a deposit of sulphate of lead on the surface of both positive 
and negative plates, the density (specific gravity) of the 
electrolyte diminishing aa the sulphuric acid leaves it to com- 
bine with the materials of the plates. By forcing current 
through the cell in the direction opposite to that of the dis~ 
charged current, the sulphate of lead on the negative plates 
will be converted into sponge lead and sulphuric acid, and the 
sulphate of lead in the positive plates into peroxide of lead 
and sulphuric acid; the sponge lead and the peroxide of lead 
remain in the plates and the sulphuric acia diffuses in the 
dectrolyt«, the qiecific gravity of which rises in consequence 
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EXTRACT FROM R. S. A. SPECIFICATIONS FOR 
LEAD TYPE STATIONARY STORAGE BAT- 
TERY FOR INTERLOCKINGS (1913) 

1. Intent 

. The intent of these apecificatioiu ia to provide for the 
furnL^ung of complete storage batt^7 cells and ports, 
designed to be located la interlocking etationa or battery 
houses and used for opoating Interlocking and signal 
appaiBtus. 

2. Dbsignations 

(a) In ordering cells or parts the nominal capacity re- 
quired wiU be demgnated as "40 A. H., "80 A. H .," ''120 
A. H.," "200 A. H.," "320 A. H," or "400 A. H.," and 
these terms shall be anderstood to signify, on an eight (8) 
hour basis, the caf^ities and dimensioDB thus deagnated 
in these specifications and Railway Signal Association 
drawii^ 1224. (See page 146.) 

(b) ibWh complete cell, unleai otherwise specified, is 
understood to include the foUowing parts: 

1. One (1) positive group, consisthiK of the necee- 
Bary number of poMtive pUtes assembled with con- 
necting strap and one (1) connecting bolt. 

2. One (1) negative group, consisting of the neces- 
mry number of n^sative platee assembled with con- 
necting strap and one (1) connecting bolt. 

8. One (1) set of sqiarators, with dowds and hold 
downs. 
4. One (1) glass jar, 
6. One (1) glaes sand tray, with moulded feet. 

6. One (1) class cell cover. 

7. Required electrolyte. 

(c) Positive or native groups, if ordered sE^>arately, 
wilt be ready for service after an initial charge continued 
for fifty (50) to sixty (60) hours at the eight (g) hour rate. 

3. CAPAcm' OP Battery 

In conformity with service requirements. 

4. Number or Cbu2 fer Baitbry 

In conformity with voltage requirements. 
6. DiUENaiONB 

Jars, sand tntys and covers must conform to Railway 
Signal Association drawing 1224, which is an essential 
part of these qwcifications, (See page 146.) 

6. Elehbnts 

(a) Pontive plates shall be of the Plante type. '•' 
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(b) Kcg&tive plates shall be either of the Plante typ« or 
of the type havine mechanically applied active material. 

(c) Positive and n^atlve plates shall be respectively 
connected into positive and negative groups by burning to 
lead straps. 

7. Shfarators 

Separators shall be of specially treated wood. 

8. Electrolyte 

(a) Electrolyte shall have a specific eravity of between 
1.205 and 1.215 at the end of the initial chaise in servlcs. 

(b) Electrolyte shall be in accordance with Railway 
Signal Association specifications. 

9. Acceptance 

No unit or part will be accepted which does not, in the 
Judgment of tne Purchaser, contorm to the best practice 
with reepect to material and workmanship. 

10. SratviCE Rbquireubnts 

(a) It is essential that all parts shall be rugged in the 
highest degree both mecbanfcallf and dectni»lly. The 
apparatus furnished must give satisfactory and economical 
service. 

(b) Should any injurious bucklii^ of plates occur in 
normal service within one (1) year after delivery, or 
should the capacity of any cell or element fall to lesa than 
eighty-five (85) per cent, of the specified capacity at the 
eight (8) A. H. rate, in normal service, within one Q) 
year after delivery, the Contractor must replace the 
defective parts and restore the affected cells to their full 
specified capacity and to a condition satisfactory to the 
Purchaser, without additional cost to him. 

(c) As far 88 practicable, it is understood that the cells 
are to be opsated in the manner recommended by the 
Contractor, but the necessities of operation must be the 
first comdderation. 



R. S. A. DIRECTIONS FOR INSTALLATION OF 
LEAD TYPE STATIONARY STORAGE 
BATTERIES (1909) 
General 

(a) The batto^ should be housed in a apace by itself aa 
the acid fumes given off during the charge are of a cor- 
rosive nature. This space should be well ventilated, 
well lighted, and as dry as possible. If the space is speci- 
ally constructed it should contun no metal work other 
than lead. If this is not possible, then such metal parts 
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should be protected by at kast two (2) coats of acid-proof 
paint. The floors of a lar^ batterr room ahotild be 
preferably of vitrified brick, jointed with pitch. 

(b) Batteries should be placed in a room having a uni- 
form temperature, preferably seventy (70) d^reefl Fahr. 
Low temperature does not injure a battery, but lowers its 
capacity approximately one-lulf (,\a) of one ptr cent, per 
degree. Excessively high tempoatures shorten the life of 
the plates. 

(c) If glaas jani are uaed and cell is not of the two^late 
type, the following should be obsra^ed: 

1. Batteriee up to four hundred (400) ampov hour 
capacity shall be placed in glass jars. 

2. The capacity of batteriee shall 'be for an eight 
(8) hour rate of discharge at aeventv (70) degrees Fahr. 

3. Batteriee having a large numoer of ceUs, such as 
at interlocking plants, shall be provided with sub- 
stantial wood racks to support them. These racks shall 
preferably be made of long-leaf yellow pine with non- 
corrodve fastenings, aod thoroughly protected bv at 
least two (2) coats of acid-^roof pamt. Cella shall be 
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tively the same in each case, so that a pontive lug of 
one (1) ceil adjoins and Is connected to a negative lu^ of 
the next cell throughout the battery, thereby givmg 
proper polarity, providing a podtive lug at one free end 
and a negative at the other. 

6. Bdore bolting the battery lugs t<«ether, they 
should be well scraped at the point of contact, to insure 
good conductivity and tow redstance in the circuit. The 
connector studs should be covered with vaseline before 
screwing up, and all connections covered with vaseline 
or suitable paint. 

7. Before putting electrolyte In the battery the cir- 
cuits comiectiug same with the charging source must be 
completed, care being taken to have the positive pole of 
the charging source connected with the positive end of 
the battery and the negative poles. The electrolyte 
should cover the top of plates by one-half (!f^) inch. 

Electbolyte 

(a) The electrolyte must be free from impurities and 
me^ the teds prescribed by the Railway Sign^ Aasociatir 
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INITLAL CHABOEI 

(a) The initial charge must follow the Manufacturer's 
inBtructioDS. The cbaTE'e should be started promptly as 
soon as all €b6 cede are nlled with electrolyte, and all con- 
aeetiooB made, twually at the normal rate, and continued 
at the aame rat« until DOth the specific eravity and volta^ 
■how no rise ovtsr a period of tm (10) hours, and gaa is 
bdug freely given on from all the plates. The podtive 
plates will sometimes gas before the negatives. Gen- 
erally. to meet these conditions, from forty-five (45) to 
fifty-five (65) hours continuous charging at the normal 
rate wiU be required; and if the rate is less, the time 
required will he proportionately increased. In case the 
charge is iDtemipted, particularly during ita earlier stipes, 
or if it ia not sorted as soon as the electrolyte is in the 
cells, the total chuge required (in ampere hours) will be 
greater than if the charge is continued and is started at once. 

(b) As a guide in following the progress of the chanre. 



gaadncr as much as the adjoining cells, tnejy should be 
corefuDy examined and the cause of the trouble removed. 
The temperature of the electrolyte should be closely 
watched, and if it approaches one hundred (100) degrees 
Fahr. the charging rate must be reduced or the charge 
tempoiarily stopped until the temperature lowers. 

(e) The apecinc gravity will fall after the electrolyte Is 
added to the cells, and will then gradually rise as the 
charge progresses, until it is up to 1.210 or thereabout. 

(dj The volt^e of each c^ at the end of the charge 
will have risen to its maximum and usually will be l»- 
tween two and five-tenths (2.5) and two and aeven'tanths 
(2.7) volts. 

(«) If the speciflc gravity of any of the cells at the com- 
pletion of the charge is below 1.205. or above 1.215. allow- 
anee being made for the temperature correction, it ahoold 
be adjusted to within these limits, by removing aod addii^ 
electrolyte if the specific gravity is low, and adding chemi- 
cally pure water if the specific gravity is high, to again 
bring the surface at the proper height above the top of 
the plates. It is of the utmost miportance that the 
Initial charge be complete in ev^ respect. 

(/) In case of battanes charging from primary edb, if 
posEdble, the initial chai^ should be given at a place 
whve direct cuirmt is available of sumcient voltage to 
complete the charge at the normal rate, the cells baag 
tbm tnuufored to their pennaurait positiMi. 

Two-TLiia Cells 

"Hie goieral metliod of installalion is the sama as the 
abova with the fcdkiwing exctiptitam: Bach cell eoDtaioB 
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one positive and one negative plate, the positive of one 
cell being solidly connected by a lead amp to the nega- 
tive plate vd the adjoining cell, and consequently do con- 
nectors are required. At the ends of each row there is 
one (1) free positive plate and one (1) free negative plate 
reflectively, which constitute the positive and native 
tcnninals of that row. Connections to these terminalfl are 
made with bolt connectors. 
Labgb CAPAcnr Cblu 

{a) Batteries of a greater capacity than four hundred 
(400) ampere hours shall be placed in wood tanks and shall 
be covered by specU specificBtions. 

<b) Whwe tajiks are used, it is customary to support 
than on a double tier of glass insulators. 

(e) Plates are shipped separately and assembled one at 
a tame in the tank and burned sohdly to a heavy lead bus 
bar by meane of a hydrogen flame. It is recommended 
that when installations oi this kind are required that 
betterv Uanufactureni ioatatl the battwy in accordance 
with tneir standard practice. 



R. S. A. INSTRUCTIONS FOR OPERATION OF LEAD 
TYPE STORAGE BATTERIES AT INTER- 
LOCKING PLANTS (1909) 

1. Battery 

batteries; cells each; type ; number<rf 

plates per cell normal charging rate amperes. 

batteries; cdlseach; type ; numMTOf 

plates p^ cell normal chiu'ging rate lunperes. 

2. Fuxn CeoAi 

In each battery, select a readily accessible cell, to be 
used in following the daily operation of the battery, 1^ 
takins specific gravity readings of the electrolyte, as 
given below. Keep the level of the electrolyte of this cell 
at a fixed height, one-half (}A) inch above the top of the 
plates, by adding a small quantity of chemically pure 
qater each day; this is bxtbbuely important. 
8. Chargino 

(a) TPhttt to charge. 

Evi', . , 
[>w the preceding overcharge maximum, the Mttery 
bdog then about one-third (Mi) discharged. 

2. In any case, charge as soon as possible after reach- 
ing athertn the limits given below under "Discharging," 
or if toe any reesim a lieavy discharge is expected. 



GBNBRAL RAILWAY SIONAIj CXIHPAMY 



(b) Reguiar eiuiTge. 

1. Cbai^G st Dorroal rate of amperes, or aa 

aeur aa poesible, and continue until the specific gravHjr of 
the pilot eeH has riaen to three (S) pointB below the maxi- 
nnim reached on the preceding ovocharge, when the 
CfUkxaa SHQtiu) bb stoppbd: for example, if the mad- 
mum epecinc gravin on the overcharge u 1.207, the m- 
dfic gravity reached on reguUr charge should be 1.204. 

2. The cdb should all be gaasiiig modoately. 

(c) Overehatye. 

1. Once every two (2) weeks, on 

prolone the regular ch^^ until fifteen (15) minute read- 
ings of the irpeciflc gravity of the pilot cell and of the 
battery voltage, taken from the time the cells commence 
to gas show no rise on five (6) succeemve readings, thiu 
havin g be en at a maxiinum for one hour. 

2. When the above method of overcharge is not prac- 
ticable, the ovOTcharge may be given every sixth charge, 
provided the battery rec^vee an overcharge at least once 
every month. If in following this method, i. e., wh«v 
the overcharge is given at intervals longer than two (2) 
weeks and not less freouently than once a month, the 
regular charge should oe prolonged until one-half (Vi) 
hour readings of the specific gravity of the pilot cell and 
of the battel voltage, taken mim the time the cells begin 
to gas, show no rise on seven (7) succearive readings, thus 
havingbeen at the maximum for three (3) houia. 

8. The cells should all be gassing freelv. 
4. The overcharge should be given wnethra" the bat- 
tery has been in r^ular use or not. 

(d) Chargina in terus. 

If two (2) or more batteries are charged tt^ether, in 
s^es, care should be taken that each battery is cut out 
when fully charged ; in other words, if one of the batteriee 
dischargee lees than the othtf It uiould not receive the 
same charge- 

DlSCBASaiNQ 

(a) Never allow the qwclfic gravity of the pilot cell to 
fall more than about thirty (30) points below the preceding 
overcharge maximum. As a rule, do not allow specific 



gravity to fall more than twenty (20) points. 

(5) NevOT allow the volti^e to go b^w one AND 

BIGHTY-FrVB ONE-HUNDREDTHS (1.85) VOUFS PBK CBUi 

when discliargin^ at the normal rate ( ampow). 

If the rate (» discharge is leas than the normal rate, the 
voltage should not be allowed to go so low. 

Liroitii^ voltage cells volts. 

Limiting voltage cells volts. 

(c) Never allow the hattoy to stand in a eompkl^ 
■'adtarged condition. 
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(a) Read and record the specific gravity of the pilot cell 
and battery volt^e iuat before starting and ending every 
cbaive, togetho' with the temperature of the electrolyte. 

(b) To properly compare the specific gravity readii^, 
they should be correctea to standard temperature (sev«ity 
(70) decrees Pfthr.) by addine one (1) point for every 
three (3) degrees above, and subtracting one (1) point for 



IN8PBCTION 

(a) Carefully; inspect each cell on the day before the 
overcharge, usinp a lamp on an extension cord for the 
purpose. Gxamioe between the platee and banging lugs 
to make sure that they are not touching, and also make a 
careful note of any peculiarity in color, etc., of the plates. 

(t>) Use a strip of wood or hard rubber in removing 
short circuits. Never use metaLl 

(e) Toward end of the charge preceding the overcharge, 
note any irregularity of gassing; cells gassing slowly 
should be investigated. 

Indications of Trouble 

(a) Palling off in specific gravity or voltaoo 
relative to the rest of the cells. 

(b) Lack of or slower gassing on overcharge, as 
compared with adjoinicg cells. 

(e) Color of plates markedly lighter or darka- than 
in adjoining cells, except tiiat sides of plates facii^; glass 
may vary conaideralily, 

(d) In case of any of the above symptoms being found, 
examine carefully for cause, and remove at once. 

(e) RffHnt trouble of any description at once to 

Broken Jars 

If a jar should break, and there is jio other to take its 
place, so that the plates will have to remain out of serv- 
ice for some time, keep the negatives covered with water 
and allow the positives to dry. Connect into circuit again 

C before a charge, so that the plates will receive the 
efit of the charge. 

Other Important Points 

(a) Plates must always be kept covered with electro- 
lttb. 

(6) Use only ohbuically pure water, preferably dlr 
dlled, to r^ta«e evaporation. 
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(c) Never add BaBCTROLTrrB except imder the condi- 
tions explained above. 

(jt) Never allow the seddient to get to the bottom of 
the plates; remove sediment when the clearance haa 
leached one-half (^) inch. 

(e) Ventiuite tie room freely, especially when charging. 

if) Never bring an exposed flame near the battery 
when charging. 

(0) Never allow METAia or impurities of any kind to 
get into the cells; if this happens, remove and wash the 
plates and renew the electrolyte. 

Sh) Fill out the report sheets regularly, 
t) Bead the qbnerai, inbtbuotions carefully. 



REQUIRED CAPACITY OF STORAGE BATTERIES 

USED WITH G. R. S. ELECTRIC 

INTERLOCKING 

A storage battery of fifty-five to fifty-seven cdls, havii% 
an approximate potential of 110 volts, is used in connection 
with G. R. S. electric interlocking installations. The required 
ampere hour capacity is dependent on a number of variables, 
viz: the number of days between chaivee. frequency of leva- 
movements, amount of current required for lighting, for cut- 
outs, indicators, annunciators, etc., and the number of da;^ 
of reserve power desired. 



at the plant, as this type of device is more efficient and can 
have a more rugged magnet winding when designed for operas 
tion on a potential of 10 or 20 volts; furthermore, there are 
certain safety features which can be secured in connection 
with this low voltage control. The capacity of such a low 
voltE^e battery is determined in the same manner as the high 
voltage battery, as given hereafter. 

The following instructions will enable the determination, 
with reasonable accuracy, of the ampere hour capacity of the 
battery required for use with a G. R. S. electric interlocking 
plant. 

Ampere Hour CAPAcrrv Required for Operation of 

FuNCriONS (See also table on page 158.) 

The ampere hour capacity reauired for the operation of 

functions Is obtained by multiplying the number cd lever 

movements per day by the numb«- of days between chuges 

nd by a "Function Constant." This constant, to be obtained 

reference to table on page 165, is Influenced mainly by two 

^: the averse length of time that sigtutis ars held in 
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ite 

informatioD on these points It ia Buggeated that the constant 
.OOG be used as nyra s on tmg a fair average condition. This 
constant ia shown nnderlined in the table. 

By refo-ence to the taUe of Function Constants it can be 
tamy aeea that it is advisable to ke^ down the length of 
time dgnab are held in the proceed position, a glance indicat- 
ing that the battery capacity will nm up very rapidly as the 
time of holding ait^ials at proceed increases. In this connec- 
tion it may b« stated that there have been cases where a much 
smaller Bze battWy has been permitted due to the saving in 

TABLE OF FDNCnON CONSTANTB 
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bold dear current, this being ^ected b^ the installation of 
annunciators, which by sultabljr indicating the ^proach of 
a train reduces the len^h of tune of holoing the aignals at 
proceed. Furthomcxv, it is interesting to note that the saving 
effected by the installation of this smaller battwy may mere 
than balance the coat of such atrntmciatw installation. 

Ahpbrb Hours Rbquireid for OPBHATwa 
Switchboard Cut-Outs 
In every' G. R. S. electric int^ocking plant one or more 
circuit br^er cut-outs are required for cross protection pur^ 
poses. The capacity required for cut-outs is obtained by 
multiplying the numbra" of cut-outs 1^ nine-tmths and t^ 
the numb^ of days between cfaaigee. A discueeion as to the 
mftntxT of cut-outs to be employed to suitably sectionalize a 
plant is given on page 93. 

AiiPBRB Hours Required for Euicnuc Licnrmo 

(See page 127.) 

When the signals at an interlocking plant are to be lighted 

by electricity, the interloddng batt«ry is ceneally hela as a 

reserve agamst the failure of the nonnu source of power. 

The number of days which the battery may be called upon to 
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furnish current in such an event depends upon the probable 
length of time required to repair any derangement of the 
apparatus normally funushing power to tiie lighting nrstetn. 
The ampere hour capacity which must be provided (or the 
lighting is, therefore, det^mined by multiplying the ampa« 
hours per signal per day by the num her of ugnala to be lighted 
and the number of <&ys' opwation which may be required 
between charging periods. 

TABLE OF AMPERB HOURS PER DAY PER SIGNAL. 110 VOLT 

CARBON FILAMENTBULBS — TWO BDLBS PER SIGNAL. 

CONNECTED IN MULTIPLE 
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— V&hua spproidniste. 
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When auxUiary devices, such as indicators, locks, etc., are 
operated from the interlocking battery, the current taken for 
this purpose must be included in figuring the capacity of Um 
batteiy. The current required by these devices can be secured 
by refo^nce to tables on pages 265 to 269. The capacity of 
battery required for thu purpose is obtained by multiplying the 
current taken by said auxiliary devices by the average number 
of hours such apparatus is energized per day, and by the num- 
ber of days between charges. 

Reserve Auperb Hours 

Under normal operating conditions the hsttery should not 
be fully discharged on account of the fact that charging cuis 
rent may not be always instantly available when wanted, in 
which case the time would surely come when the plant would 
be without means of operation. It is, therefore, necesaary to 
have the battery of such size that at the usual time of ehaigine 
there will be a certain number of ampere hours capacity \m 
in the battery as a reserve. 

The R. S. A. recommends that under normal conditions the 
battel^ never be discharged beyond two-thirds of its total 
-opacity; stated in other words, this means that 50 per 

nt. must be added to the capacity computed when installing 

} bAttery in accordance with R. S. A. specifications. If the 
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battery is to be chained at int^'vals of a week this will give 
a reserve of three and one-haJf days, and if at intervals of 
two wedca the ree^ve will be for seven days. Wben a com- 
mercial source of power is available, this in all probability 
will give more reaerve than would be necessary. On tlie 
other nand, if the charging source is not so reliable, the capacity 
of the battery may have to be increased. For instance, the 
charging of the batteries at an isolated plant may be dependent 
upon a gasoline engine, the failure of which might take several 
days for repairs due to time spent in securing r^air parts, etc. 
In such a caae when the charging is done at intervals of a 
week, it would, perhaps, be necesmry to have a reserve suf- 
ficient for a full week's operation, tMs reqidring that the 
computed capacity of the battery be increased by 100 par 

Based on.the above, It is recommended as good practice that 
the battery provide for a minimiiTn reserve of 60 per cent, 
and that, if local conditions require it, an additional amount 
of reserva ba added as outlined above. 

MSTTHOD OF TABUIAITON 

.tt . 

a which— 

L stands for "lever movements per day." 

C stands for "function constant." 

D stands for "days operated between charges." > 

N stands for "number of units operated." 

AH stands for "ampere hours per day per signal." 

A stands for "amperes." 

H stands for " boun energized per day." 

Functions LxCxD — ampere hours 

Cut^-OutB KoxHxD •• ampo'e houni 

Lighting Signals AH x N x D — ampere hours 

Auxiliary Apparatus AxHxNxD- a mpere hours 

Total of above — ampere hours 

Reserve to be added —..... .ampere hours 

Total capacity of Battery — ampere hours 



When it is not possible to ascertain the number of lever 
movements to be made in a given plant, the ampere hour 
c^iacity of battery required (or the operation of functions 
ana for cut-outs can be secured from the following table; 
tbeae flgurea include sufficient reserve to care for ordinary 
conditions. 
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The table is baaed on paat experience and ia considered rca- 
aonably correct fear moderate size machines, the battery aiaes, 
if anytning, being BOtnewhat high. The table is not extended 
for machines larger than 168 levera, as with such .plants It is 
believed that special study erf lever movements should be 
made in the determination of the batteiy mze. 

If the signals are to be lighted and auxiliary apparatus 
operated from the interlocking lottery, an additional number 
en ampere hours must be added to the figures in the table, 
the caJculatioQ being made in accordance with the precedicig 
paragraphs dealing with the capacity required for electric 
lifting and for miscellaneous purpoeea. 
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G. R. S. BATTERY CHARGINO SWITCH 
The battoy charging switch illuBtrated by Fig. 108 provides 
ft simple and efficient means for connecting stw^e batteries 
in series with charring and diacham lines, permitting the 
batteries to be switched off or on tc the lin« without opening 
the charging circuit. 

During the manipulation of the switch, short circuiting of 
the battery is avoided by automatically inserting a resistance 
during the interval that the battery would otherwise be on 
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short circuit, which resistance is agfun cut out as soon ■■ t]ia.t 
point is passed. 

Manipulation of the switch is simple, the four different 
positions of the switch controlling the battery as follows: 

1 — Battery A discharging. Battery B charging. 

2 — Battery A discharging, Battery B open. 
8 — Battery B discharging. Battery A open. 

4 — Battery B dischargii^. Battery A cbai^ng. 
The charging switch is compact and substantial In deragn 
and BO arrangai to permit of easy inspection. The commu- 
tator possesses a high den«e of insulation. The contact 
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DIRECT CURRENT GENERATORS 
Gbneral DESCRipnoN OF Chabgino Afparatus 



\IRECT cuirent generators of the shunt wound type are 



DII 
ordinarily use<r for storage battery chaining.* The 
capacities of the ceneratorB used in connection with the 
G. R. S. electric interlocking eyst«m run from 1 to S K. W., 
as shown in the table on page 159, the current being ddivered 
at a potential rangins from 110 to 160 volts. 

Wnere commercial power ia available, it is preferable to 
use a dh'ect connected motor tor operating the ^larging gen- 
erator. Where such power ia not avaihible, a sasolinc engine 
b eeneralljr employea to drive the generator, either by means 
of belting or by being directly connected to the generator. 

The charing is generally controlled through the medium of 
a power switchboard equipped with a no-load, reverse-current 
circuit breaker, which opens the charging circuit if the gener- 
ator voltage drops below that of the battmee, thus preventine 
the Ken^ntor from running as a motor on current delivo^ 
by the batteries. 

A simplified chai^ng circuit ia shown by fig. 110. In this 
circuit the genWator is assumed connected for right-hand 
rotation; to secure left-hand rotation the field connection 
should be revised. 

Setting up the Machinb 

The generator should be located in a room which is as dry 
and clean as possible: a room which ia hot and dusty should 
be avoided, particularly if the dirt ia of a gritty character, aa 
it ia apt to mjure the commutator and bearings of the machine. 

The machine should be in plain sght and have sufficient 
room on all sides for easy bccghb, care beii^ taken that there 
is sufficient room to permit taking out the armature. 

If the flooring of the pow^" bouse ia firm, the generator or 
motor generator set may be mounted on a wood block three 
or four inches thick, screwed to the flooring; if the floor con- 
struction will not permit this, a concrete foundation should 
be installed. 

When Staktinq Generator for thb First TmB 
Before starting the machine for the first time, make sure 
that the main switch and circuit breaker are open (Fig. 110). 
Raise the brushes from contact with the commutator and 
examine them to see if they are in proper condition. Fill 
the bearing with oil. Make sure that the armature and field 
coils of the generator have not become wet during shipment 
or while being stored; if any sign of dampness is notea they 
ihould be dried out, following the instructions on page 165. 
Run the generator light for a time, noting whether the oil 
nga are workdi^ properly, and if the generator is belt diiven. 
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note whether the machine is bo lined u 



tor should be slightly ^h, bo that at tull-rottd it will c 

down to approximately that indicat«d on the name plate. 

After tnaMoK sure that the comniutatar bruabee are etill 
raised, cnt the rheostat fuUy "in" and then dose the main 
switch and the drcuit breaker (Fig. 110). Cut the rheostat 
"out" ^adually and then "in" APiiQ. after which the main 
switch uunild be again opened. This procedure causes cur- 
rent to flow throtigh the generator fields and insures the 
Geld coils having a proper reoidual magnetism. Replace the 
brushes on the commutator and shift the brush holder, if 
necessary, to bring the brushes to the "neutral" portion. 
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Cbabqipo Cimourr 



After the machine is running and has built up, the brushes 
should be rocked backward and forward until the point 
of roinimum roarldng is found. When the machine is run- 
ning under load this should be agaia checked and the position 
of the brushes shifted again if necessary; lock and leave 
brushea in this position. 

To Start the Charge 

See that the main switch and circuit breaker are open, and 
that the rheostat resstance is all cut "in." 

Get the generator up to ^eed and make sure that the 
brushes are in proper podtion and that the oiling rings are 
working properly. 

See that the belt has the proper tension ; that is, it should 
be as loose as possible and yet not slip or tend to run oS the 
pulley with load on. 

Cut the rheostat resistance "out" until the voltage is a 
little higher than that of the battery, being sure thsit the 
voltmeter needle deflects in the same direction for both 
gentntor and battoy (see switch No. 2, Fig. 118). This 
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latter insurea that the positive terminal of the gentxator will 
be connected to the positive pole of the battery. 

Close the main switch and circuit breaker and adjust the 
rheostat until the proper amount of current is flowinf; into 
the battery, also adjust the brushes if necesBarjr for minimum 
sparking. It will be necessary to change the adjustment of 
tne rheostat occaaionally as the battery charging increases, in 
order to maintain the current at the proper amount. 

To Shot Down 
Toshut down, lower the voltage by cutting "in" the rheostat 
until the circuit breaker on the switehbosrd opens of itsdf 
and then stop the engine. If no circuit breaker ia provided, 
wait until the current is practically at zero before opening the 
main switch on the battery. Aft^ the machine has stopped, 
relieve the tension on the belt so as to prevent it from stretch- 
ing during such time as the machine is standing idle. 

General iNSTRticnoNS 

It i« hardly, posnble to give detailed and complete instruc- 
tions in these pages for locating all the troubles which may 
arise in the use of such apparatus. The type of machine 
used for charging storage batteries is so simple, however, that 
by adhering to the following general instructions, it b bdieved 
that satisfactory operation ofthe machine will be obtained. 

The generator snould be kept perfectly clean and dry and 
should not be unnecessarily exposed to dust. This can best 
be accomplished by throwing a waterproof covering ovtr the 
machine when not in use. 

Do not overload the machine. To load the machine beyond 
the capacity indicated on its name-plate is never conducive 
to beat operation, this being the Sequent cause of over- 
heating in the machine, sparking at the commutator, or other 
troubles. 

Overheatine the generator may be readily detected by 
applying the nand to the various parts of the machine; in 
general a temperature that cannot be borne by the hand is to 
be conmdered excessive. An odor of burning varnish ia indi- 
cative of serious overheating, and a machine which shows this 

rptom should have the load removed at once; rotation of 
armature may be continued with the fields d&«neTsized 
tor the purpose of cooling the machine. 

The bearings should ne kept thoroughly lubricated with 
the best grade of lubricating oil. While the machine is run- 
ning, care should be taken m>m time to time to see that the 
oiling rings are working correctly. 

particular attention should oe given to the commutator 

and brushes to see that the former keeps perfectly smooth 

»nd that the latter are in perfect adjustment. The commuta- 

- should assume a dark brown, glossy appearance, if proper 

4ies are used and are kept from sparking, and if the 
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capacity of the machine as indicated on the name plate is not 
exceeded. The condition of the commutator and bnishea may 
be regarded as the beet barometer of the condition of the 



The free use of lubricants on the commutator is not recom- 
mended. In cleaning the commutator a tightly woven doth 
(free from lint) or chamois skin, should be used and the 
commutator then wiped with a rag which has a little vasdine 
on it. 

To fit the brushes to the commutator draw No. 00 sand- 
paper under them, smooth side to the commutator, as shown 
in Fig. Ill, the brushes to bear on the sandpaper only when 



0" 
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it is being drawn in the direction in which the surface of the 
commutator will run when the machine is in op^ation. Aft^ 
the brush is shaped to the commutator finish up with No. 
sandpaper and then carefully clean the commutator and 
brushes of aii particles of dust or grit. 

The bruBbee shipped with the machine are ordinarily best 
adapted to the work and other bnishea are liable to cause 
trouble. A little oil may be applied to the brushes should 
they become dry and noisy. 

If the armature or fidd coils of the generator should become 
wet, they should be thoroughly dried out before running the 
machine undo" load as the moisture is liable to damage the 
windings. The coila of the machine may be dried out by 
baking in an oven at a temperature of 240 degrees Fahr. 
for several hours, or if an oven is not available they ma^ 
be dried out by placing near the fire. Another method is 
to run the g^ienitor for several hours without exciting itf 
fidd. 
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Generator Fails to Build Up 

One of the ccmmon troubles which occurs is the operadi^ 
of KeneratorB 1b the failure of the machine to build up. Thu 
fai^re may be generally attributed to one of the following 



1. Open circuit due to a broken wire, faulty eonnec- 
tiotia, brashes up, fuse blown, open switch, etc. 

2. Reversed connections in field circuit or reversed 
direction of rot&tion. * 

8. Excessive resistance due to poor brush contact. 
Brush contacts often have an excesravely iagb resistance 
when generator is first started, and a momentary pressure 
of the fingfTs on the brush or tmisbes may enable the 
machine to buUd ixp. 

4. Weak, destri^ed or reversed residual maguetisra. 
To restore residual magnetism send current from battery 
through the fields ia the proper direction. 

6. Brushes not In their proper position. 

6. Short circuit in the machine or in the external 



R. S. A. SPECIFICATIONS FOR EUXTTRIC 
GENERATOR (1910) 
Matesrial 

(a) The generator shall be shunt wound, self-excited, shall 
have Bdf-oiiing bearings, carbon brushes, rheostat, and 
when belt connected, a belt tightener, sub-base, and pulley. 

(b) The normal or rated roeed ebM not exceed fifteen 
hundred (1500) r. p. m. except when direct connected to an 
a. c. motor or steam turbine. 

(e) The genoator shall have a continuous current 

capacity equal to the eight (8) hour rate ( 

ampere) of the battery, at a voltage equal to the maximum 

voltage ( volts) of the battery on charge, 

without a rise in temperature in any part exceedmg 
seventy-two (72) degrees Fahr, (40' C.) above the ton- 
perature of the surrounding atmoqihere. 

(eO It shall be so wound that its voltage at the con- 
tinuons current ratdi^ given above, may be varied by 
means of a fidd rheostat between the mmimum and the 
maximuin chiur^ng voltage of the battery. 

(«J The generator ^lalTbe capable of supplying tot four 
(4) hours a current output twenty-five (25) p«r cent, in 
excess of the continuous current capaci^ r«erred to in 
above withotit a rise in temperature m any part exceedit^ 
ninety (90) denies Fatu". (50° C.) above the tempraattire 
of tbe surrounding BtmoK>h«re. 

(/) It is understood that the temperature of the sur- 
rounding atmosphere is to be baaed on seventy-Beven (77) 
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Crom this, correctioos shall be made in accordAnce i 

tbe recommendationa of the American Institute of Elec- 
trics] Kngineers. 

(0) The current output of the minimum allowable gen- 
erator shall be that required for the operation of two (2) 
switches ainiultancoualy. 

(k) With the brushes In a fixed position, the genarator 
shall be practically Bparklesa unda: all t^jevati^ coiuli- 
tions, as outlined aDove. 

(j) These generator apedficationa describe a machine 
which, in normal power Interlocking service, will have an 
ample overload capacity to meet general requirements. 
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GASOLINE ENGINES 
Genhral Description 

GASOLINE enginee, used in the charging of moderate 
sized storage batteries, are geaa^y of the single 
cylinda' four cycle type, water cooled and equipped 
with the "Make and Break electric ignition. The vertical 
type engine is lubricated by the crank dipping into an oil 
l»th in the base of the crank case; oil and grease cups 
are furthH" provided for lubricating parts not so cared 
for. 

The operation of the engine is niaintiuned at a constant speed 
by either r^n^ting the mixture of gasoline vaptv or hy 
varying the number of power impulses as soon as a cotain 




Fta. 114. Wj 

GuHLiHB Ehoihb Ubi 
CoouNO Tajix: 



speed is exceeded; the en^nea so controlled are known as the 
''Throttling Govwnor" or the "Hit and Miss" types, respect- 
ively. 

In a common type of Migine used for this work, a pump 
supplies gasoline to a reservoir, an overflow pipe heing con- 
nected with the reservoir to maintain the gasolme at a imiform 
hei|[ht. At the proper time in the cycle of op^stion, the 
engine piston sucks ur throt^h the air inlet passage and at 
such a velocity that gasoline la picked up from the reservoir 
and drawn tu'ough an adjustable nozzle into the cylinder 
end, the gasoline mixing with the air to form the reqiured 

plodve vap<ff. 
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Location of Engimb 

In locating the engine, at least two feet should be left on 
all aides of en^ne for convenience in storting and for having 
sufficient room to make necessary adjustmente and repairs. 

The gravity system of circulation is generally used for the 
cooling water. With this syatem, the tank for the cooling 
water is generally placed on the floor, as shown in Tie- 114 ; beat 
faults are secw^d, however, by having the taiuc devated 



the engine cylinder. Connections should be a« shown, large 
enough piping being used to permit free circulation of the 
water. Valvea F-F must be inserted in the pipe line to permit 



drawing off the wat^ from engine in freeaii^ weather without 
eniptying the tank. 

The gasoline tank should be located outside of the building. 




and with engines equipped with a gasoline pump, the tank 
should be placed at a lower level than the engine, so that when 
the engine is idle the gasoline will drain back into the tank. 
In making the connections between the gasoline tank and 
engine, care must be taken to wash out all piping and joints 
wiui gasoline to remove any loose matter or scale from the 
iDterior of such connections. 

To Stast Engine 

See that engine is properly oiled and that weXer and gasoline 
valves are turned on. Pump gasoline into reservoir. Fill 
primii^ cock on bead of cylinder; this may not be necessary 
m warm weather. Make sure that spark leva" is in "retsfd 
or "lat«" position, then close switch to i^tion circuit. 

Turn engine fly-wheel in normal direction of rotation. 

After iKnition occurs, remove sbuting crank, advance epark 
lever to early" position and regulate the throttle valve. It 
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wiU be found that this last adjustment varies with the tem- 
perature, requiring much coarser adjustment with cold weather 
thui with warm. 

Load should not be thrown on the engine until after it is in 
operation. 

To Stof Engine 



GASOUNE ENGINE TROUBLES 
Ignition Troubles 
EflfUK muaes or fatb to atart 
(a) Weakened Batteries. 
(ft) Strong Batteries, but with following defects: 

1. Switch in "off" position. 

2. Insulation on wire worn, causing short cinniit. 

3. Circuit open by broken or loose connections. 

4. "Hake and Break" mechanism inoperative, due 

to broken spring, bearing stuck, etc. 

5. "Make and Break mechanism contacts fouled. 

6. "Make and Break" adjustments incorrect. 

7. Broken down spark coil. 

CASBintBTioN Difficulties 
Eitgine mi8sea or faSa to eUtrt 

(a) Fuel Supply — tank and pipe line : 

1. Throttle valve closed. 

2. Tank empty. 

3. Tank vent stopped up. 

4. Gasoline pump inoperative. 

5. Gasoline pipe plugged. 

6. Water in gasoune. 

(b) Mixture too rich: 

1. Throttle valve adjustment incorrect. 

2. Air passage clogged. 

(c) Mixture too wejflc: 

1. Throttle valve adjustment incorrect. 

2. Spray valve partmllr' -" ^ — 

3. Intake pipe leaky. 

Loss OF CouFREiasioN 
EngiTie mtssn, looses potior, or faila to etarl 
(a) Improper valve op^ation: 

1. Valves do not lift at proper time; due to loosening 
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8. Worn cam followera, cams, puah rods, etc. 

(b) Leaky piston rings. 

(c) Priniing valve open or leaky. 
id) Leak in cylinder head packing. 

(e) failure of lubricating ^stem (engine hot) : 

1. Oil valve shut off. 

2. No oil in oil cups. 

3. Oil drained out of crank ease (vertical engine). 
{/) Failure of cooling aystem (engine hot) : 

1. Valve in water niping closed. 

2. No water in coolii^ tank. 

S. Water below normal level (gravity system of 
circulation). 

4. Water pipii^ plugged. 

5. Pump out of order (forced circulation). 

Cannot Ckank Enqinb 
(a) Engine heated due to foilure of lubricating or cooling 

systems. 
(h) Crank or connecting rod bearing oveiiieated or seized. 

(c) Piston overheated or seized. 

(d) Timing ^eais broken or jammed. 

(e) Connecting rod disconnected, broken or bent. 

(f) Ciank sliaft broken or bent. 

(g) Water in pump frozen (force system of wat«r circu- 

Mechanical Difficulties 
Engine mus«a, looses power, or faiit to start 

(a) Externalh' apparent: 

1. Valve spring weakened or broken. 

2. Valve stem bcot, broken, or gummed. 

5. Valves leaky (carbon on seats). 

4. Valve stem and cam^ollower always in contact 
(no dearance). 

6. WitBxT or exhaust pipe obstructed. 

(b) Internally apparent: 

1. Cylinders or valves carbonized. 

2. Piston rings gummed or broken. 
8. Iieaky piston rings, slots in line. 

4. Cam n»d worn, shifted or broken. 

5. Piston head or cjdinder wall cracked. 
€. Piston rings and cylinder wall scored. 

Loes OF Power Without Missmo 
(a) Ignition system adjustments wrongly set. 
(6) (&bureter adjuatmente wrongly set. 
iej Lubricating system operating imperfectly. 
1(1) Cooling system operating imperfectly, 
(e) Poor TOlve operation. 
(/> I Battvies weakened, giving poor aparic. (^qq^i,^ 



OBNSIUIj RAIIiWAY SIQNAL OmPANY 



(g) MeehaiiicBl difflcultiee, such as worn valve connectionfl. 



(ft) Intake pipe leaky. 

(i) Muffler or exhaust obstructed. 

(j) Engine bearinga overheated. 



EDITOR'S NOTE 

Above artielu based on data fumithed by Faithank»-Mone <£ 
Cmupany. 

R. S. A. SPECIFICATIONS FOR GASOLINE ENGINE 
WITH FUEL AND WATER TANKS (1910) 



(a) The recommended br&ke horse power of the msoline 
engine shall be not leas than one and three^ourths (1%) 
times the kilowatt capadlar o( the gmiaBtor at the maxi- 
mum volti^ and the eight (8) hour charging rate. 

(b) The engine shall run without injurious vibration and 
shall opente continuously at Manufacturer's gpea&ed 
capacity for a period of sixteai (16) hours without injurious 
heating in any part. 

(c) Regulation tn speed shall be within three (8) per 
cent, from no load to full load and the regulation as re- 
corded on the voltmeter for a given current shall not vary 
Riore than two (2) per cent, between impulaee. 

(d) Electrodes on the engine for electnc ignition shall be 
tipped with platiniun or an equally serviceable material. 

(e) Manufacturer's standard exhaust muffler shall be 
provided. 

(/) Engine and acce«aories shall be acceptable bv and 
inAalled under the rules of the National Board of Fire 
Underwriters and the attached requirements of local 
authorities. 

tg) Bnginea of twenty-five (25) horee oower or less shall 
not exceed a speed of four hundred (400} r. p. m. 

Tanks 

(a) Gasoline tank of raiUons capacity shall 

be furnished. Fuel and cooling tanks shall be made of 
iron or sted with brazed or riveted seams. 

(b) Tanks shall be galvanized after th^ are put togeOter. 
(e) For tanks either for fuel or water, selection shall be 

made, when practicable, from the following table: 
iMbM In aanctPHUl 

Imgtb HMd Bodr 



As a guide in ordering tanks, it is good practice to conr 
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nder that it will require one-tenth ^o) of a gallon of gaso- 
line per horse power hour for gasoline engines. 

(d) For cooling, the minimum of free running VHter 
should be not less than ten (10) eallons per horse power 
hour, and for the circulation tan& BjrBtem not leas than 



fifty (50) gaUot 
(e) Su^ent 



gasoline tank feet from the engina. 

(/) Unions in all piping shall be equipped with ground 
brass seats. 

(a) Unless otherwise specified, an iron or a steel cooling 
tank of sufHcient capacity for a continuous run of ten (10) 
hours on one (1) fliliiw, with connections and removable 
cove*, shall be furnished. Connections between engine 
and tank shall be arranged lor convenioit and complete 
drainage of the coolinz ^stem, for independent drainage 
of the engine and tank, and to conduct all waste water 
and steam to the outaide of the building. 

(ft) Wh^i engine is installed in same building with 
storage battoles outmde air intake shall be provided. 
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SECTION VII 



INSTALLATION AND OPERATING DATA FOR 
ELECTRIC INTERLOCKING MACHINES 



COVEKING INSTRUCTIONS FOE INSTAL- 

lA-nOS AND MAINTENANCE; ALSO 

DATA FOR THE APPLICATION AND 

OPERATION OF LEVER LOCKS 
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INSTRUCTIONS COVERING THE INSTALLA- 
TION AND MAINTENANCE OF THE 
MODEL 2 ELECTRIC INTER- 
LOCKING MACHINE 



B 



EFORE abipment the interlocking machina is asBeinbled 
complete in every detail and subjected to a rigid electric 
and mechanical test. It is then partly disassembled, 
the levfrs, lever tappets and locking, the legs and lower taers 
of locking plates (ii furnished) being boxed scpaiately troai 
the body of the machine. This tatta: is then divided into 
sections of apsronniately forty lev«r spaces and boxed 
on skids for BOipment. Before boxing, sU machined parts 
are wiped dry and coated with vaseline to guard against the 
eSects of nist durii^.tnuisit. 

Storing 

Upon the receipt of the machine it should be stored in a 

dry place. It some time pawes before the machine is set up 

and tbfro is any chance of its different parts rusting, these 

parts should be wiped dry and recoated wfth vaseline. 

Installation 

The first step in the assembly of the machine is to bolt the 
sections to their supporting legs and the various sections to 
each other. The legs are numbered and the roachine beds 
marked to correspond. Extreme care should be taken in 
shimming up under the less to insure accu>At« alignment of 
the bed and an even distribution of the weight on the sup- 
porting legs. Failure to do this, especially in a large machine, 
IB very likely to result in binding between the various parts of 
the mechamcal locking. 

The second and third tiers of locking plates, if used, should 
be assembled on the machine, care bSng taken to place the 
templet furnished for the purpose in the horizontal and vertical 
lockmg slots before downing the locking plates to their sup- 
port. Never file the screw holes when mounting these plates 
since this is not necesaarv if the bed has its correct alignment. 
To permit of the plates Deing placed in the same location as 
when the machine was assembled in the factory, the second 
tier of plates are numbered 1, 2, 3, etc., from left to right, and 
the third tier lA, 2A, 3A, etc., also from left to right. 

The locking should then be assembled in the locking plates 
and the lever tappets placed in their prop« positions. Each 
locldng dog is stamped with the number of the tappet with 
which the doa is to engage and the lockii^ bars with numbers 
to correspond with the slot in which they are to be placed, 
these slots bdng numbered in sequence from the top of the 
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locking bed to the bottom (thirty-two slots per tier of lockine). 
Each tappet is stamped with the number of the lever to which 

it is to be attached. 

The levers should then be placed in their respective gviides, 
and worked back and forth to insure that thej' operate freely, 
that they are checked at the normal and reverse indication 
points, and that they can be moved to the full normal and 
full reverse when indicated. (Signal levers are not indicated 
on the reverse movement.) The circuit controllers and 
tappets should be carefully fastened to their reflective levers, 
and the levers tried for freedom of movement with all working 
parts connected. 

The buSB bars, buss wires and the connections between the 
individual polarized relays, which have been separated during 
shipment, should be securely connected by joining the short 
leads provided on the machine for the purpose. 

Testing 

A careful test should be given to the mechanical lockine 
by setting up the various routes in accordance with the track 
plan or manipulation chart, testing the various levels in the 
route to see that they are locked and likewise testing all levers 
which conflict with the given route. This will insure that 
none of the locking parts nave been omitted in assemblii^. 

When wiring up tne interlocking machine it is well to check 
up the controller contacts to see that all special contacts 
called for by the wiring plans have been provided. 

The lever and its connections will be checked up as the 
individual functions are tested out; i. e., the completed opera- 
tion of the function normal and reverse, shows that the lever 
wiring ia correct, its controller sprites making good contact, 
that the indication magnet operates properly, and if the func- 
tion is a switch, that the indication selector also is giving 
proper operation. If desired, a check can be secured on the 
polarized relays by making the cross protection tests described 
on page 94. 

Maintenance 

The maintenance of the interlocking machine principally 
consists in keeping the machine cleaned, all connections tight, 
and of wiping with an oiled rag at stated intervals such parts 
as are liable to rust. 

When cleaning or oiling the locking, it should not be re- 
moved from the interlockmg machine. Use only bigh-grade 
oils, such as "3 in One," "Hydro!" or "Polar Ice," 

Commercial fuse wire should not be used to replace the fusea 
furnished with the machine, since commerciaJ wire is not 
carefully graded and may carry a much larger current without 
melting than the fuses secured from the manufacturer. 

As a general statement, it may be said that the operation of 
'is vanouB functions is a good check on the condition of th* 
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interlocking machine, since the completed operstioa of th 
various functioEis gives asaurance a5 to the integrity of all part 
of their operatine circuits. It is well, neverthdeis, to antic, 
pate the possibiSt; of loose connections, etc., tind at state 
intarals to make inspections of the different connectioni 
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Note location of potaiiifld relays, buea ban and fuiea. 

contacts and various mechanical parts on the interlockii] 
machine to insure that all parts are Kept in the beat conditJoi 
Ah mentioned above, the operator may assure himself as t 
the constant inte^ty of the cross protection by means of th 
simple tests descnbed on p^[e 94. 
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INSTRUCTIONS FOR CUTTING AND TESTING 

NOTCHES FOR LEVERS CONTROLLED 

BY LEVER LOCKS 

WHERE levtf locks are applied to machineB before ship- 
ment from the factory, the notches are cut in the 
levers as nearly right aa possible, it being und^frtood 
that before the machines are put into service on the ground 
the clearance will again be checked up by test and the 
notches cut out further, if necessary, to give the proper cksr- 
ance. This clearance ^ould be at leest equal to tnat iadi- 
cated below when the lever in aueetion is locked by other 
levov through the medium of the tappet locking, and also 
when said lever is pulled or pushed hard in either direction 
to take up all lost motion, the lever latch being lifted at the 
time. 

The lever should be tested as above for clearance for every 
combination that locks it. 

In makii^ the test for clearance, proceed aa follows: 

With the lever full normal (Fig. 139), set up some one com- 
bination that locks it : lift lever lock (A) by applying current, 
also the lever latch ^B), and pull the lever strongly toward the 
reverse position, as indicated by the arrow, thua taldng up sJl 
lost motion, and then with a scriber mark this position ot the 
lever. Then drop the lever lock by cutting on the current, 
release mechanical locking that is holding the lever, and again 
pull the lever toward the reverse position until it takes up 
a^inst the lever lock, and again mark the poaition of the lever 
with a Bcriber. The distance between tnese scribcr marks 
will then tell the clearance " D " existing. Ket)eat this process 
for every combination that locks the lever in its normal posi- 
tion, and if the clearance "D" thus found is less than one- 
dgbth inch, the notch in the lever is to be cut out further to 
give the proper clearance. 

Then with the lever full reverse (Fig. 140), set up some one 
combination that locks it ; lift lever lock (A) by applying cur- 
rent to it, also the lever latch (B), and push the lever strongly 
toward the normal position as indicated by the arrow, thus 
taking up all lost motion, and then with a scriber mark this 
pomtion ot the lever. Then drop the lever lock by cutting off 
the current, release the mechanical locking that is holding the 
lever, and again push the lever toward the normal position until 
it takes up against the lever lock, and again mark the position 
ot the lever with a scriber. The distance between the two 
scriber marks will then tell the clearance "D" e:dsting for the 
reverse position of the lever. Repeat this process for ev«y 
combination that locks the lever in its reverse position, and 
if the minimum clearance "D" thus found is leaa than three- 
-ixteenths inch, the notch in the lever is to be cut out further 

■ give the proper clearance. 
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Tests must also be made to det^Tnuie that the cleai 

is sufficient to pertnit the lock to drop into its notch i 

lever is pushed as far normal as it is possible to ^ 

pulled as far revise as it is possible to pull it. This ( 

C" can be checked by causing the lock plunger to 1 




i'f T to tr r t » [VED L It V I ^"''"' •""" "'" ' 




Fig. 140. NoTCHINQ 



Lock. Rbtebbe 



and lowered, by inakine and breaking the circuit thus i 
enei^ to the lock, and if the plunger drops into the 
is known that the clearance is there. 

In cutting the notches see that the comers are lef 
and the surface that comes against the lock pluneer is 
BO that there may be no tendency to force the lock plu 
by pulling hard on the lever. (. ',t >t i> 
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Te«t each lock b^ putting on and taUng off current Beveral 
time)! to see that it works propa-17. If proper, ita c^eratioD 
will be quick and shaip. 

Interlocking levers should be tested periodically whcm in 
service, in accordance with above instiiictions, to see that 
sufficient clearance exists between the lock plunger and the 
notch in the lever. 

It will be sufficient if above inspection is made once a year. 

When lever locks are applied to inta^locking machines after 
they have been installed it is sometimes necessary to get 
adtutional clearance between the lock plunger and the lever 
guides. This is to prevent the plunger from sticking to the 
^ver guides when the lock ia energized. 

The lever guide should be marked and chipped where 
neceesary, so that no part of the lever guide wiU M clos^ to 
thejilun^er than one-eighth inch. 
■ — -.._. _!._.. ij j^ done V 

every prec _. .. _ __ 

n from getting into the indication n 
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SECTION VIII 



INSTALLATION AND OPERATING DATA FOR 
SWITCH MECHANISMS 



COVERING INSTRUCTIONS FOR IN- 
STALLATION AND MAINTENANCE, 
ENERGY FIGURES, CLEARANCES 
REQUIRED, DIMENSIONS, TIE 
FRAMINGS, STANDARD LAYOUTS, 
AND TYPICAL CIRCUITS'; ALSO 
DATA ON DETECTOR BAR PIT- 
TINGS, SWITCH CIRCUIT CONTROL- 
LERS AND BRIDGE CIRCUIT 
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that, when the slide plates, toe pl&tes, and rail bracea are in 
place, the jproper track eauge wiu be ri^dly maintained. 

The vanoua parts of tne switch machine, with the escepdon 
of the lockiiig plunger, should then be assembled. In placing 
the motor, care should be taken to secure proper alignment m 
the connection between the motor and main gear. 

The throw and lock rods may be counectedat this time and 
the lock plunger holes in the throw rod drilled. "Hie lock rod, 
however, should not be drilled until it is certain that the track 
has its final alignment and the rail braces have been fitted, 
thus insuring tnat there will be no change in the r^tive 
position of the switch points and switch mechanism. Special 
care should be taken when marking the lock rod to see that the 
switch points are brought tightly up against the stock rail. 
The most accurate method of marking the rods is to withdraw 
the lock plung«: and to insert in its place a piece of steel 





Fia. 144 Pia. 145 

FialdH Id Serin. Fidds in Multiple. 
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tubing having an outside diameter of one inch, this tube 
b^ng painted bo as to make a clear cut mark on the surface of 
the rod. After putting the machine in saivtce, the top of the 
lock rod should be notched slightly, as shown by Pj, P„ P, and 
Pi in Fig. 146, to permit of a quick inspection being made as 
to its accurate adjustiDeiit. 

In wiring the machine, suitable conduit should be installed 
to protect the wires running between the trunking and motor, 
and the motor and pole changer. 

Adjustments 



It is necessary tliat the detector bar be disconnected while 
making adjustments 1 and 2. 

1. PlKnger Cmtnectwn. 

With the machine placed in either extr«ae position (that 
la with stud F at either end of the stroke in cam crank W 
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tfaedrivi 

end of lock plu ._..___. „. 

lock frsme (see Fie. 146). This adjustment never varieB, and 
it should not be cbBnged after once beii^ made correctly. If 
incorrectly made it is liable to cause indication failure. 

2. Pols Changer Movement. 

When locating pins in the lock rod K for the operation of the 
pole changer movement, move the switch machine to the 
extreme podtion aa shown in Ffe. 143. Locate pin Q, so that 
link R will just clear cap S, by flve-mztaenth inch (Fig. 146). 




Pia. 148. Polk Ccuhsbb Uovbiient L tob Hodbl 2 Switch 

Lock plunnr I Is shown at end of its tnvel and not la podtkm com- 

■pondjng "Itb that of link R. 

Then throw the switch to the other extreme podtion and 
locate pin Qi in a similar manner, Whoi assembling the 
pins on the lock rod, drill, tap, and count«dnk the lock rod as 
shown in Fie. 148. 

3. Pole Cbaitger Coimtetion. 

Any lost motion between the pole changer movemrat L and 
the pole changer B must be equal at the full normal and fuU 
reverse position of the switch machine. To secure this, adjust 
the connecting rod H with the switch machine in either m its 
extreme positiDnB. Test with the machine first in the fidl 

-mal position and thm in the full revetae position, puabiog 
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and pnlline the rod M strongly to detcrmiiie the total distance 
it ia possible to be moved. Repeat the BdjuBtmeot until the 
desired result is obtained. This adjustment never varies in 
service and it should not be changed after once being made 
correctly. If it is not made correctly it is very liable to pre- 
vent the indication being given on the movement of the swltdi 
to the position where the greateet lost motion exists. 

4. Pole Changer CommtUaior. 

The commutator T (Fig. 147) must revolve freely in its 
bearings, care being taken that the contact springs U,, U, 
and Ui do not have so much tension as to prevent spring V 
from snapping the commutator over. Adjust so that with 
TTiachine full normal or reverse, roller W and pin X are in the 



^" 



*o:-- 






\ coHTROL Wires 
Main Common 
Fia. 147. FoLB Coanoeb Wibimq. Modei. 2 Switch Uxchine 

relative positions shown. The adjustment of the commutator 
must be such that the snapping action will take place at such a 
time that the amount of movement in the contact blocks Z, 
and Z,, which precedes the snapping action, will be equal for 
the normal or reverse movement. To be certain that this 
result is obtained it will be necessary to move the mechanism 
a number of times by hand very slowly. Failure to have liie 
adjustment right will be almost certain to result in damage to 
the insulating cylinder, due to arcing between the contact 
spring and the contact cylinder, and maf prevent indication. 

The contact springs U, and U, are provided with slots which 
will permit the springs, when resting on the insulated portion 
of the commutator, to be centrally located. 

Aft« the commutator at'.justmenta have been completed an'' 
machine worked suffidenlly to insure correct action, remr 
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one of the set screws from the collar Y, drill into the shaft 
and replace the screw, nimuDg it down until it locks the com- 
mutator to its shaft; repeat this operation with the othw 
screw located in the collar. 

In connecting up the operating coils to the contact springs 
U. and U., be sure to see that when the commutator is in its 
full normal or full revo'se position, the contact spring which 
" "' "1 the metal cylinder does not carry current. This can 
B by lifting " -^ ' ■' '- • >- '• ■- -■--- 

tact BpringH 

TkrvwRod. 

The Duts on the throw rod must be placed so that the switch 
paints will be brought up against the stock rail snugly, but 
not acreived up iax enough to put any unnecessary straia on the 
rod. Under normal conditions, with the throw rod adjusted 
aa above, a single switch or derail should permit of hand 
operation (without the aid of a wrench or tommjr bar) by 
turaing the intermediate gear D^ If it is not possible to do 
this, atws should be taken to get the switch Into this condition. 

6. Lock Hod. 

The driUii^ of the lock rod should be such that the lock 
plunger will enter ^ther hole with the switch full normal M" 
full reverse, but will be prevented from ent^ing if a piece of 
metal one-^htfa of an inch thick is placed between the switch 
point and tM stock rail, 

7. DeUtior Bar. 

To adjust the detector bar, place it in the desired potation 
rdative to the top of the rail and adjust the connection N to 
such a length that with the switch machine in either extreme 
position, pm may be inserted without changing the position 
of either the detector bar or switch machine. 

8. Clutch. 

The nut on friction clutch C, by which the compression of 
the ^ring is increased or diminianed, should be locked in a 
position which will enable the motor to operate the switch 
under normal conditions, but will permit the clutch to slip if 
there is an obstruction in the switch points. This is detw- 
mined by stating with the nut unscrewed and gradual]^ 
tightening it up until the motor operates the switch without 
any slipping of the clutches. 

Before any adjustments are made on the friction clutch, 
separate the cones from the pioion and oil the clutch cones. 

Testing 

The [»ref«Ted method of testing the operation of the switdt 
mechanism is to operate it by hand, making sure that the motor 
brushes are raised before attempting to move the machine. 
This method should be employed as a regular practice. 

If it should become necessary to operate the switch by 
powo*, the testa on the switch machine should lie carried on 
mder the protection of the operating lever, whoever the 
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conditioiiB are such that the levennan can readily receive and 
act on mgnalfl given him by the man on the ground. 

On the rare occanons when it ia not practical to conduct 
the test under the control of its lever, power ma^ be applied 
locmlly by taking both control wires off from their respective 
bindins poets (for contact Bprings U, and Ui, Fig. 147) in the 
pole chang£T, and having first connected spring U, with a 
shtMt piece of wire to the open control contact spring (spring 
U4, Fig. 147), current may be sent through the motor by plac- 
ing the en^^ed control wire in connection with the other 
control contact in)ring (spring Uj, P^- 147) ; with these con- 
nections the mechanism will be brought to rest upon the com- 
pletion of its movement without ahock. Reverse these con- 
nections to secure operation in the opposite direction. 

After tiio machine is completely adjusted, safety requires 
that it should be operated m>m the int«rlocking station sev- 
eral times, maldng sure that with the lever in its normal posi^ 

J MDwnsmn It'cu. 
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tion the switch points will correspond with thrar position as 
shown on the track plan. 

Maintbnancb 

1. JfeehoniBm. 

When inapecting the switch machine always note the posi- 
tion of the lock plunger relative to the face of lock frame. If 
it is not flush with the out^de face of the lock frame, make 
sure that stud F is in the comer of cam crank E. With the 
switch adjusted correctly and the stud F at the end of its 
tr»vd, ttiere are two conditions which would be responsible 



for the plunger not reaching its proper poaitioi 
Fvni — Tne rails may have shifted and al 
of the switch points, which will put an unusual strain o 



switch machine and prevent the full movement of the lock 
plunger. This will be determined by operating the switch by 

Second — The detector bar may have been thrown out of 
adjustment by the shifting of the rails, this preventing the 
generation of the indication current. Necessity for readjust- 
ment is determined by disconnecting the bar, placing it 
in prapts position and the switch machine in either extreme 
position; u it Is not possible to replace the inn wither 
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moving dth«r the machine or detector bar, the connectioiu 
should be readjusted. 

On each uupection ezamine the friction clutch to see that it 
■lips proptrty on overload. 

The motor commutator or brushes should not be disturbed 
unless found necessary. If the oomniutator becomes dirty, it 
should be cleaned with chamois skin moistened with oil, any 
surphis oil b^ng wiped off the commutator by a dry piece <rf 
dujncHB. 

If it becomes necessary to put a new brush into a motor, 
the brush after b^ng; put in position should be seated to the 
commutator by drawing thin, fine sandpape' under the brush, 
at the same time pressing the brush i^unst the commutator i 
the smooth ode d the sandpaper shouid be a^inst the com- 
mutator. Use for this purpose "00 Single Finishing flint 
Sandpaper." 

3. SmaU Ports. 

All cotter pins, lock wHsbws, binding posts, small nuts and 
screws, should be inspected at stated into-vals to see that they 
are not working loose. 

4. CotUael Surfaeet. 

The pole changer contacts should be kept clean and bright. 

HOvjog parts not exposed to the weather should be well 
oiled once a month. All parts, the bearing surfaces of Which 
can be reached by rain, should be oiled immediatdy after each 
storm. The friction clutches should be cnled on each inflec- 
tion trip. 
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INSTRUCTIONS COVERING THE INSTALLA- 
TION AND MAINTENANCE OF THE 
MODEL 4 SWITCH MACHINE 
Storwo Ubchakishs 
ALL n 



In makiiig the itiBtallation, the first operatioa is the framictg 
of the ties. This should be in accordance with the plan 
shown by Fi^. 149. 

Unless special features are required, all boles In the tie plate 
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are drilled before leaviiiK the factoiy, with the exception of 
those for the toe and slit^ platee. Tneee should be so located 
that wfaeo the slide plates, toe plates, and rail braces are in 
place, the propo' track Kauge will be rmdly maintained. 

The switch machine uiould then beoolted down to the tie 
plate and the throw and lock rods connected. 

Al»UailIBNT8 

As the switch machine is completely assembled in the factory 
and all parts adjusted to meet the conditions undsr which the 
mechanism is to operate, tjiere is very little in the way of 
adjustments necessary to be made. 

Aft^ the machine is wired up, before mniriwg anv adjust- 
mwts which may be requirai, the brushes should De laised 
from the motor armature. 

1. Thrmp Rod. 

The nuts on the throw rod must be placed so that the switch 
pc^ts will be brought up agidnst the stock rail snugly^ but 
not screwed up far enough to put any unnecessary strain on 



Fio. 151 


Fio. tfiS 


Fields in Baria. 


Fiddi ia Uultiple. 
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the rod. Under normal conditions, with the throw rod adjusted 
as above, a dnple switch or derail should permit of hand 
operation, bv using the crank provided for the purpose. If it 
is not possible to do this, steps should be taken to get the 
switch mto this condition. 

2. Lock Rod. 

The adjustment of the lock rod should be such that the 
loddng dog Hi or H, will enter its proper notch in the lock 
rod I with the switch full normal or full rev«w, as the case 
may be, but will be prevented from entering if a piece of metal 
one-eighth of an Inch thick is placed between the switeb 
point and the stock rail. 

S. Detector Bar. 

To adjust the detector bar, place it in the desired podtion 
relative to the top of the rail and adjust the connections to 
such a length that with the switch machine in its extreme 
position, pin F may be inserted without changing the potdtion 
of either the detector bar or switch machine. Check this 
adjustment with the bar and switch machine in the oppr- 
puntlon and readjust if necessary. 
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4. CltUch. 

The nut on friction eluteh C, by meana of which the com- 

firenioii of thd tt>rins 1b incnued or diminiflhed should be 
ocked in a podtian which will enable the motw to <^>erRte 
the switch under mornal conditionB, but will perniit the 
clutch to slip if there is an ofaatmction in the switch points. 
This is determined by startitig with the nut unscrewed and 



gradually tightening it up, un^ the motor opoates Uie switch 
without ai^ slipping of the clutches. 



r 
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Testdjo 

The preferred method of testing the operation of the switch 

mecbanism is to operate it by Imnd by means of the crank 

Erovided for this purpose, firat making sure that the motor 
rushes are raised bdore attempting to move the twa^hlti^i, 
This method ahould be onployed as a regular practice. 

If it should become neceasary to operate the switch by 
power, the teats on the switch machine should be carried on 
tmder the protection of the operating lever, whatever the ctoh 
ditions are such that the levennan can receive and act on 
signals kIvmi him by the man on the ground. 

On the rare occasions when it is not practical to conduct 
the teat imder the control of its lever, power may be applied 
locally by taking both control vrires off from their respective 



tth a shmt piece of wire to the open control contact qning 



on poat ] 
itaet qnin 
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(spring Qi, Fig. 163), current may be aent throuf^ the motor 
by placing the energized control wire in connection with the 
oth^ control contact spring (spring Q,, Fig. 153); with theee 
connections the mechanism will be brought to rest without 
shock upon the comptetion of ita movement. Reverse these 
connectaons to secure operation in the oppodte direction. 

After the machine is completely adjusted, safety requires 
that it ahotild be operated from the interlocking station several 
times, making sure that with the lever in its normal position, 
the Bvitcb pomta will correspond with their position as shown 
on the track plan. 

Maintenance 

1. MeAanitm. 

Shiftily <rf the rails may prevent correct operation of the 
switch machine in the following mann«-: 

FHnt — B; altering the tt^w of the switch points, an 
unusual Btnun will be put on the switch machine which «dU 
prevent the mechanlani from locking up. This will be deter- 
mined bv operating iba switch by hand. 

Second — The detector bar may have been thrown out of 
adjustment, this preventing the generation of the indication 
current. Neceen^ of readjuBtment is determined by dis- 
connecting the bar, placing it in props- position and the 
switch machine in its corresponding extreme pomtlon; if It is 
not posmble to replace the pin P without mov'^g either the 
machine or detector bar, the connectiona should j? readjusted. 

2. Motor. 

The motor commutator or brushes should not be disturbed 
unless found necessary. If the commutator becomes dirty, 
it should be cleaned with chamois skin moistened with oil, 
any surplus oil being wiped oB the commutator by a dry piece 
of chaniols. 

If it becomes necessary to put a new brush into a motor, 
the brush after bdng; put in position should be seated to the 
conunutator by drawu^ thin, fine sandpaper unda- the brush, 
at the same time pressing the brush a^inst the commutator; 
the smooth side of the sandpaper should be aoiinst the com- 
mutatOT. Use for this purpose "00 Single Finishing Flint 



^noU Ports. 

All cotter pins, lock washers, binding posts, small nuts and 
screws, should be inspected at stated intervals to see that they 
are not workiiu| loose. 

4. Coniaet Surf acta. 

The switch circuit controller and pole changer contacts 
should be kept clean and bright. 

6. oa, 

Moving parts not exposed to the weather should be wdl 
^ed once a month. All parts, the bearing surfitces of which 
can be reached by rain, should be oiled immediatdy after e«u^ 
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OPBRATINO DATA POH SWITCH 



PimrtloD OpeimMH 


Cninat 


OpmUM 
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Bucooda 
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7.» 


2.2 
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3 

3.2 
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BiritahHuliiDa,Ho<M4B,SwitohorD«il.. . . 
a«itah ItashiiKi, UocM 4B, Doublt BUp or H. P. 
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Switch Uacbinb 
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Operation of Bridge Cntcurr Closer 
The G. B. S. bridge circuit closer with centering device ia 
shown in Fig. 195. In the opeistion of clodng, the bridge 
end is first caused to approach the shore end with its centering 
arms thrust forward. When these come into contact with the 
shore end, the latter is brought into proper BlJEnnient, the 
bridse end continuing its forrord movement until thejr abut; 
the blades are then forced to enter the jaws, thus making the 
desired contact. 

The centmng device will take care of any horizontal mis- 
alignment up to one and one-half inches. When this is 
apt to be exceeded, the circuit closer should be attached to 
the rails in such a mann^ that when the rails are lined u' 
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the circuit doocr will be affected in a similar manna-. The 
dedgn of the jaws permits of three^ourths inch movemoit 
above or below the nonnal position. 

The maximum stroke of the driving m«nber is approii- 
matdy thirteen inches. Using this stroke, the mazunun 
eztenaion of the blades (three and one-half inches) can be 
secured with a permiasible opening of five and thre&^u^tha 
inches between tne bridge ana shore ends of the circuit cweo'; 
this forces the blades between the jaws two and three-^ightha 
inches. If required, this distance between the bridge and 
shore ends may be increased to seven and three^xt^mths 
inches, which will give a contact extension of one and tbir- 
teen-eixt«entha inches and force the blades between the jaws 
for a distance of three-fourths inch. 

If it is desired to reduce the operating stroke and still retsin 
the maximum contact extension, the maximum opauag be- 
tween the bridge and shore ends must be decreaaea a prc^KW- 
tional amount. 
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SECTION IX 



INSTALLATION AND OPERATING DATA FOR 
SIGNAL MECHANISMS 



03VERING INSTRUCTIONS FOR IN- 
STALLATION AND MAINTENANCE, EN- 
ERGY FIGURES, CLEARANCES RE- 
QUIRED, DIMENSIONS AND TYPICAL 
CIRCUITS; ALSO DIMENSIONS OF 
MASTS, SPECTACLES, BLADES AND 
FOUNDATIONS 
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INSTRUCTIONS COVERING THE INSTALLA- 
TION AND MAINTENANCE OF 
MODEL 2 A SIGNALS 



ALL mechanisma should be stored in an upr^ht position 
^\ and, if poasible, in a dry place, and should not be re- 
"* * moved from their boxes until they are installed. Avoid 
disconnecting or removing the motors from the mechanism 

Installation 

In assemblyii^ mechanisms which b 
from the pole bearings or in reaasemblying n 
have been dirassembted for any purpose, the surface of all 
exposed mechanical joints must be cleaned and smoothly 
coated with white lead before assembly, to insure that they 
are water-tight. 

Wfaenevo" it becomes necessary to bolt a mechanism to its 
pole bearing, see that the semaphore shaft and mechanism 
are approxunately in their "stop" podtiona. Then rotate 
the semaphore shaft backwards and forwards slightly by hand 
while ^btening the bolts, to be sure that no binding takes 
place during the process. 

When working on a mechanism, the motor door should alwavs 
be kept closed except wh^ necessary to do work inside of tne 

After a mechanism has been wired, the wire entrance should 
be sealed to prevent the circulation of air between the inside 
and outside of the case. Neglect to thoroughly seal may 
result in trouble due to the probable accumulation of frost 
or dirt on the circuit breaker parts. If conduit is used be- 
twerai the mechanism case and the pole, the wire entrance 
or conduit should be likewise sealed. 

AlUUSTMENTS 

All agnala are properly adjusted before shipment, the only 
adjustments ordimrily required in the field being those due to 
differences in the semaphore spectacles aa follows: if the 
blade is not horizontal when in its stop position, it can be 
brought to such position by means of adjusting screw A (see 
Fig. 197). Spring C, adjusted by screw D, should hold block 
B firmly against screw A, due allowance being made in the 
spring adjustment for an^ increase in weight of the signal 
arm, due to an accumulation of ice or sleet. Fig. 197 shows 
rdation of adjusting screws, spring, block, etc., when used 
with upper quadrant dgnals; this will be reversed when ap- 
plied to lower qua^«nt aignala. 

Having adjusted the blade to the horizontal position, the 
circuit breaker ftsme should, if neceasary, be rotated bodJ' 
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should not be necessary under ordinary conditions. If requi 
great care should be exercised to see that all contacts are 
adjusted to open and close aa shown on the cmniit plan which 
accompanies each dgnal mechanism. 

In replacing a circuit breaker which may have been removed 
from the mechanism for any cause, great care should be taken 
to see that the circuit breaker operating sennenta mesh prop- 
erly. Otherwise, it will be impossible for the blade to assume 
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oil that will not thick , .. .._ _ . _ 

weather. "Hydrol," "Polar Ice," or "8 in One" mis have 
been found satisfactory. Use an oil can with a nine inch 
curved spout. 

After lubrication, the signals should be op^sted several 
times, in orda* to work the oil thoroughly into the bearings. 
The word "oil" on the diagram. Fig. 196, will indicate what 
parts require lubrication. If the mechanism has become 
rusty, especial care should be taken to see that all parts 
are operating freely before attempting to put the signal in 
service. 
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If the signal has been propa-ly adjusted and lubricated it 
will operatA freely. If in doubt as to whether a signal ie 
sufficiently free in operation, a drop-away test should be 
made as follows. Connect an adjustable resiBtance in series 
with the motor. Gradually reduce it until the motor will just 
move the Uade upwards. Just before reachii^ the forty-five 
degree position, quickly insert sufficient resistance to just 
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permit the motor to start backwards, moved by the w^ht of . 
the blade grip. The current which will permit It to start 
backwards from a given position should be approximately 
60 per cent, of the current required to move it up to 
that position. The same process should be repeated in the 
ninety degree position or sixty d«sree, as the case may be. 

The sifpal having been oiled and operated a few timea, see 
that the blade snubs properly in descending and also that the 
ratcheted main gear (F, Figs. 52 and 56) dicks approximately | 
•-hree or four times in so doing. The number of uicks can be : 

plated by the adjusting screw on the ratcheted main gear, i 



Haintenancb 

Ordinarily in Tf»ftiT' lT< i">"g a signal, the only requirenifflitB 

ire that the connections belept tight, contacts clean, and the 

— "^ ■" uitttbly oiled and cleaned. 



have a dark glossy appearance. If, however, it should be- 
come dirty, it should ne cleaned by chamois akin moistened 
with oil, any surplus oil to be wiped oS of the commutator by 
R dry piece of chamois. 

Use a chamois akin in cleaning the circuit breaker contacts. 

If it should become necessary to put a new bnuh into a 
tnotco-, the brush should, after having been (lut in petition, be 
seated to the commutator by drawing thm fine atndpapa- 
under the brush while the brush is beit^; pressed against the 
commutator. The smooth side of the sandpaper should be 
against the commutator. Use "00 Single FiniBhing Flint 
Sandpaper." 
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1>iTART Signal 

SpecUcle R. S. A. drawing 1233, Octobo-, 1812. 
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INSTALLATION AND OPERATING DATA FOR 
RELAYS AND INDICATORS 



GIVING ENERGY FIGURES FOR, AND 
DIMENSIONS OF, THE D. C. AND A. C, 
RELAYS AND INDICATORS USED IN 
TRACK AND LINE WORK; ALSO DI- 
UEN8IONS OF RELAY BOXES 
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RELAYS AND INDICATORS 



ENEBQY DATA. FOB MODEL 1. D.O. RELAYS 
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Nmx. — VriuM ^veo in abovo table ua the mimimum on which tti( 
rd^ will operatfl. Add 10 ht oeut. for practice operation. Drop airay 
«umnt equate 23 par eant. of minimum operatiiii ourreot. 
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DIMENSIONS OF MODEL 
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lOH 


7A 


• 






Model e Form C4 Neutral Relay, . . . 
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34 




43 


100 




60 










40 


85 
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OPERATION OF THE HODEL 2 FORM A REQULAB POLY- 
PHASE RELAY. IN CONNECTION WITH DOUBLE RAIL 
A. C. TRACK CIRCUITS ON ELEC7TRIFIED 
DIRECT CURRENT ROADS 
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SECTION XI 



INSTALLATION AND OPERATING DATA FOR 
TRANSFORMERS 



COVERINQ DIMENSIONS AND RATINGS 
OF LINE AND TKACK THANSKJEMERS 
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R. a. A. VOLTAGE RANGES FOR SIGNAL WORK 

(1913) 
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SECTION XII 



INSTALLATION AND OPERATING DATA FOR 
PRIMARY BATTERIES 



COVERING THE CAUSTIC SODA 

CELL, GRAVITY CELL AND DRY 

CELL 
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PRIMARY BATTERIES 

CAUSTIC SODA PRIMARY CELL 
UsEB 

THE caiutic soda primai; battery is largely used on open 
circuit work, such as for signal operation, where a higher 
current is required than can be secured tmm other types 
of primary battenes without the installation of a great num- 
ber of cells. A somewhat dilTerent design of caustic soda cell 
is extensively used for track circuit work; although a more 
expensive cell than the gravitr cell, it is one in which the 
maintenance ia very ^eht, it being ordinarily necessary to 
make renewals only ^ur or five times a year, this, of 
course, dependii^ on the tjrpe of traffic passing ov^ the 
section on which the battery is installed. 

DSSCRimON 

The elements of the cell are of zinc and black oxide of 
copp(r and the electrolyte a strong solution of caustic soda 
ana water. These are generallv contained in a porcelain or 
heavy heat reaating glass jar, tne latter being prefavble due 
to its freedom from breakage and the ease with which inspec- 
tion is made. The cut on page 286 gives the appearance of 
the jar adopted by the R. S. A. as their standard, the ampere 
hour capacity of this standard cell being 400. 

The elements of the mgnal cell are generally cast Id the 
form of plates which are suspended from the cover. This 
cdl has an extremely low internal resistance (about .045 ohm) 
and is hence capable of producing on short circuit the heavy 
current of 20 amperes. The E. M. F. of the cell is low; when 
new, it is approximatdy 0.7 volt and this falls oB attet the cell 
has been in service for some time. 

The elements used in the track cell are not necessarily of 
the same t^pe as those used in the s^nal cell. One well-known 
c^ used for track circuit work has a zinc element similar in 
form to the zinc in the eravity cell, the other element being 
poured loose over a tin disc resting on the bottom of the jar. 
The track cell is designed to have an internal resistance of 
about 0.25 ohm and a current output on short circuit of about 
2 to 3 ampovB. The voltage of the cell is the same as that of 
the signal cell. 

Action of thb Cell 
When in service, eh«nical action of the cell gradually di»- 
solves the sine element and converts the coppo" oxide into 
pure copper. In the case of the signal ceil usii^ a copper 
oxide plate, this change in the element will consist of the 
reduction of the copper oxide to copper, this reduction taldr 
place from the surmee and extendmg inward; the rdaf 
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(RevUoD of plu 1063. laue. 1011.) 
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degree of exhaustion of the ceQ can be ascertained b^ 
scraping off the material from the outside of the plate until 
the dark copper oxide is exposed. In the cell used for track 
circuit work, the copper oxide is converted into copper flakes 
which continue to he ae before on the tin disc in the bottom 
of the jar. 

CaHb of the Cell 

In setting up the cell, the jar should be first thoroughly 
cleaned and then filled with pure water (preferably clear rain 
water) to such a height that when the elements are added the 
level of the electrolyte will have been raised to within about 
one and one-half inches of the top of the jar. The soda 
should be added slowly and the solution stirred continuously 
with a stick until the soda is entirely dissolved. Chemical 
changes raise the temperature of the solution to the boiling 
point, making it necessary to place ordinary glass, or porcelain 
jars, on a dry wood surface when mixing the solution, to pre- 
vent breakage of the jars. The elements should not be placed 
in the cells tmtil the temperature of the solution has dropped 
to about 90 degrees Fahr. A thin film of oil should then be 
poured over the top of the electrolyte to prevent evaporation 
and "creeping of tne salts." 

When mixing the solution, care should be taken not to get 
the caustic soda duet or solution on one's person, as it is v^y 
corrosive ; the best means for countaw:ting the action of caus- 
tic soda is water or oil. 

When in service practically no other attention is required 
by the cell other than an occasioiml inspection of the elements 
to determine the degree of exhaustion of the cell. 

The caustic soda solution does not freeze, but when subjected 
to severe cold the current diacbar^ of the battery is mate- 
rially reduced, which makes it advisable to furnish protection 
against extreme temperature conditions where current for 
opexatinK signal motors is required, or if an equivalent current 
is wanted for any oth^ purpose. 



EXTRACT FROM R. S. A. SPECIFICATIONS ; FOR 
CAUSTIC SODA PRIMARY CELL (1911) 
L. Genekal 

This battwy is to be used in the operation of signals, 
crossing alarms, etc. 
I. Material 

(a) Railwav Signal Association drawing 1053, issue 
1911, shows tne general design and dimensions of the bat- 
tery jar, cover, connections, wire, and that part of the bolt, 
togetuer with nuts and washers, shown BDOve the cover 
for supporting the elanents. The active part of the call 
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ctmrieta of the zine, copper oxide, and caustic soda in the 
gnnular form, which, mised with vraUar, forms the Botu- 
tion in which the dementi are placed, and a suitable 
mineml oil, which is used on top <u the caustic soda sdu- 
tion to prevent evaporation and the salts from creeping 
over the top of the jar. 

(6) The aBBembled element shall consist of the zinc and 
ctippo* oxide, suitably combined, tether with the auq>en- 
sion bolt and terminal wire of sufficient length to exteid 
twelve (12) inches above top of cover. 



Each complete cell or renewal shalt have a atpaaty of 
at least four hundred (400) ampere hours, as providecf for 
under test in Section 4. 

TE3T 

(a) In order to determine the ampo-e hour capacity of 
the cell or renewal, one will be selected at random from 
each lot of one hundred (100), or fraction thereof, and 
placed on a continuous discbarge of one (1) ampra^. IE 



five-tenths (0.6) at one (1) volt per cdl, the ceU or renewal 
will be considered acceptable as rar as capacity is concerned. 

(b) One will be selected at random from each lot of one 
hundred (100), or fraction thereof, and subjected to a dis- 
charge of three (3) amperes continuously. If, duriiiK the 
first forty (40) houra, the voltage does not drop below 
fifty-three hundredths (0.53) of one (1) volt and during the 
neict forty (40) hours the voltage does not drop bdow 
five-tenths (0.5) of one (1) volt, the cell or renewal will be 
considered acceptable so far as drop in voltage test is 
concerned. 

(e) Tests enumerated in paragraphs (a) and (6) will be 
mside at a temperature of seventy (70) degrees Fahr. 



THE GRAVITY CELL 
Uses 
The primary cell in most general use on low voltage closed 
circuit work is the (gravity cell ; it is extensively used in con- 
nection with track circuits, being adapted to this type of work 
by its constant voltage cbarscteristics and its freedom from 
polarization when on closed circuit. Although frequently 
used on open circuit work, it is not recommended that l£e 
-U be used that way, due to the very low efficiency obtained 
on operating under those conditions. 
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DBBCRIPTION 

The dements of this cell eu^ of dnc and copper, and the 
electrolyte s solution formed by dissolving copper sulphate 
or "Blue-atone" in pure w&to". The electrolyte and elemaits 
are contained in a glass jar about eight inches in height and 
six inches In diameter. 

In the type of cell generally employed for mgnal purpoees, 
the zinc element consists of about four pounds of^ metallic 
zinc, cast in the shape of a ring, which is suspended from the 
upper edge of the glass jar by means of soft wire hangers cast 
into the element. The copper element, made of thin sheet 
copper, rests on the bottom of the jar and is covered with 
sulphate ciystals. 



continually short cbcuited. The internal resistance varies 
considerably with the condition of the cell, running from 
about an ohm when the cell is in good condition to as 
high as 2 or 3 ohms. When in the best condition the c(^ 
has a current capacity on short circuit of about 1 ampere. 

AcnoN OF THE Cell 

When first set up, it there are no old cells from which to 
get zinc sulphate to use in new cells, the battery must be short 
circuited from twenty-four to forty-eight hours in order to 
start the action of the cell and to reduce the internal resist- 
ance. A saturated solution of copper sulphate soon forms 
around the copper element, and after the cellhas been on short 
circuit for a number of hours, a zinc sulphate is formed around 
the zinc. Due to the diSerence of the speciiic gravities of 
these two sulphates, the zinc sulphate floats on the copper 
sulphate, this giving to the cell the name of " Kravity cell. 

The action of the cell causes the copper sulpnate crystals to 
dissolve, and when the cell is producmg current a deposit of 
pure copper is made on the copper element. The zinc of the 
other element is consumed, its surface soon becoming covered 
vrith a deposit of gre^^ and orown sludge. This residue consists 
of part of the impurities of the zinc, which does not dissolve, and 
if not scraped on at about intervals of two weeks it will coat 
the zinc to such an extent as to interfere with the action of 
the cell. As the cell wears out the zinc sulphate increases 
and the copper sulphate decreases; the copper sulphate 
crystals in the bottom of the cell are reduced to a paste, and, 
as mentioned before, the zinc element becomes eaten awav 
by the chemical action. The degree of exhaustion of the ceU 
can be determined by the condition of the zinc dement and 
the amount of copper sulphate crystals remaining in the 
bottom of the jar. 
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R. 8. A. COPPEBS 
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SPiX3FICATION 



!.ffl 



hdy , 

ftand the aelion of the battery i 
'jivuned «ther tapered or aqua 

riveted as ahoim 



be No. 14 B & 8 sauce. lolid soft drawn copper, ii 
waU o[ Tubl 



id in ttuB operation the wire must not 

opper must be lliorouchly cleaned and tiehtly 

liaving a thrae-o^tSa (%) inoh head and a 

" ete and waeher 



ludiout the entire length, eieept one (1) inii at 
dudl consist of a thieewxty-iourthe (Hi) Inch 

re liihtN to the wire and ilull be of a cliKracter i 
aelien of the battery Bolution, Jnsulation on er 

rather tapered or square, and in thita operation tl 

J shown with a rivet haiSng a three-a^tha (%) 

■asher thiee>Witfaa (H) inch in out«r diameter. BolL d 
ibsU be copper not leee than ninety-eisht (9S) per cent, pi 

2. Pachko and Uabeiho. Copper flhall be carefu 
duked In lota of one-hundred (100) eaeh, or 6fty ISC' " 
the purohaae order number, contents of package, ni 

of each package. 

3. iNBpacnoH um Accit-Tiknci. One copper U 
»ch_Bfty (60) or fraction thereof .ihall be examined ani 

ueept«d. tf the lamptea are found to 
nil ba maxc^td, , If aay_ of the eamplc 



fail to meet this epecifioation, the 
lod at the rielt of (he manufaoturer. 
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Carb or THE Cell 
In makiiiK renew&le, the jars should be well washed, being 



._T sulphate crys^ila; the cell should then be 
iUed to B poiat juat below the bottom of the 
zinc element with water and then within one- 
half inch of the top of the jar with clear zinc 
sulphate taken from the top of the old cell — 
this in order to start a. strong chemical action 

I and have the cell available for immediate service. 
The cell should be inspected evay two weeks 
and the remdue which has formed on the zinc 
element be scraped off. At the same time the 
maintainer should check the specific gravity of 
the electrolyte. The best operation M the cdl 
will be secured by keeping the density of the solu- 
tion at about twenty d^rees Baume (see pt^ 
384), and under no condition should it exceed 
thirty degrees; the density can be lowered by 
dipping out some of the solutiOD and refilling the 
cdl with water. 

The bottom of the zinc element should be main- 
tained about two and one-half inches above the 
level of the copper sulphate crystals. 

The ampere output of the cell falls off consid- 
erably with a decrease in temperature. Under no 
conditions should the cell be exposed to a tem- 
perature below thirty-two degrees Fahr., as the 
solution congeals at slightly below that point and 
freezes with a further reduction in temperature, 
this int^Tupting the action of the cell and in a 
Fia.zso.SBo- great many cases breaking the jar. When installed 
TioMiw Sijj- outside of the interlocking station the cells are 
' housed in battery chutes or wells set in the 
' ground to place tnem beyond the reach of frost, 
' the proper depth of the boufdng depending on 
climatic conditions. 
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THE DRY CELL 
Uses 
The drv cell is most commonly used in connection with 
drcuitfl which are only closed momentarily, or for a few seconds 
at infrequent inta-vats. It is employed for such purpose^ 
operating annunciators, buzzers, etc., and sometimes tr 
ignition circuit of gasoline engines. 



The ed b conbuned in a ane riwD wUeh ftwns me el»- 
meot: the oUmt efcrnent eoaHato of a ^ick of cufaon oet id 
Uw eoita- of the cdL The sme AeU is nantlr fiaed 'sritli 
Kvcnl t hirkt i tf of UattiBK JMOia- mnd the lananung nee 
anNmd the cwbon rifmrnt fiUea with a nixtare of anxn, 
awdoet, or othv «lMorfa«Bt rolmtaiice. 
__ wtimted with ■ aohrtaoa of Ml ammcMiiae 
Niw) and water, sad the tcp of the cdl aakd 
with wax or ^tch. To inaolate the line dbeO (tmu atUacoit 
celb, metal |^Ma, ete:, a ej^iiidrieal paateboard oorer ■■ for- 
nnhed etmmig the ndes au bottom of the cdL 

llie cdl haa an appntzimate E. HL F. of 1^ volta whicb falb 
off after the cell tus beoi fai asrks for aome time. The 
intonal reaataaee is about .07S tibm. The edi nolaiiies very 
qiddchr irtien on riiort circnit, ^vinc lees and lees emreat 
aa it becomca more pobriaed, tmtil it &ally refnaes to ddiva 
ewrmt at all; the cell takea mne tine to recover whei fully 



Exbauelioii of the ecil, exeqit when pobrized, Is usnalb 
due to the ml anunoniae having beoi aitirdy conmuned. 
The zinc container is Kradually consomed by the action of the 
ceil, this reaultiiig in poneturing." or the <)<<ting thntugh in 
qmta, erf the anc. 

Cakb of thb Cell 

The cell practically requires no care other than keq)ing it 
in a dry place which luis an even temperature of atmut 
seventy degrees Fahr. Tempoaturea below this will limit the 
anmint of current which can be drawn ^m the cell, while a 
greater temperature materially reduces the cell's life throu^ 
drying up the sal ammoniac. 

The cell is io reality a wet cell, sealed to prevent the paste 
from drying out. If the cell does actually become dry it will 
not produce any current, but if the elemwts have not l>een 
worn out this can be overcome by bcring a hole in the top of 
the cell and soaking it in water for two or three days. 



Care should be taken to avoid handling the cells roughly, as 
the contents of the cell are apt to become broken away from 
the carbon electrode, this resulting in an increase of the internal 



EDITOR'S NOTE 

Articles on primary eeUt, pagea 286, 288 and 293, based on 
Aaia fumwAed by Natumal Carbon Co. 
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SECTION XIII 



WIRE, TRUNKING AND CONDUIT 



COVERING INSTALLATION PRACTICE, 
TABLES OF PHYSICAL PROPERTIES OF 
WIRE, REQUIRED SIZES OF CONTROL 
AND COMMON WIRES, TRUNKING CON- 
STRUCTION, AND THE CARRYING CA- 
PACITIES OF TRUNKING AND CONDUIT 
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WIRE AND WIRING 

EXTRACTS FROM R. S. A SPECIFICATIONS FOR 
ELECTRIC INTERLOCKING (1910) 
>21. SiZB 

(a) Wires shall be of sufficient size to poinit openitioD 
of switch and s^nal raechaniam in accordance with pre- 
vious specifications. 

(b) Rubber-covered wire amallo' than number fourteen 
(14) B. £. S. gauge shall not be used. 

(c) Hard-drawn copp« line wire shall not be small» 
than number ten (10) B. & S. gauge. 

id) No common return wire shall be leaa than number 
twelve (12) B. & S. gauee. 

(e) In submarine cable work spare wires up to twenty- 
five (25) per cent, of the number in use Hhall be provided 
as miecified. When spare wiree are required in otntr than 
cable work the number and size shall be specified. 

( / ) Numbers and edzes of track circuit connectdons 
shall be aa follows : 



1. Track batteries to rail one (1) nine (9) or. . .(.) 

2. Relays to rail one (1) nine (9) or. . .(.) 

3. Fouhng shunt connections . . .two (2) nine (9) or. . .(.) 

4. Switch circuit controller 

connections two (2) nine (9) or. .(.) 

5. Wire from trunking to 

track batteries in chutes, 

stranded twelve (12) or. . .(.) 

(g) Wires connected to track shall be rubber-covered 
Boft^lrawn copper. 

525. Wiring 

(a) Wires in trunking, chases or conduits shall be laid 
locwely without stretching or crowding. 

(b) Not more than two (2) wires shall be connected to 
one (1) binding post or terminal screw. 

(e) Unless otherwise specified, all wires shall be run as 
separate conductors. 

626. CoimoN Rbtubn 

(a) Reductions in size of common wire and connec- 
tioDs to pole lines shall be made in junction boxes. 

(6) Connections between brancties and main common 
wires shall be made in junction boxes. 

Not».— Wire iiiiea pven in (/) tftken from R, S, A. Automatic Block 
Rtnal BpMifieMiODa (531-/ dated 1913). 
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(c) Unleaa otherwiM specified, common retum wires 
dtall be continuous without Jt^ts or breaks from inter- 
kicking machine to the limits of the interlocking plant. 

527, Joints m Wirb 

(a) Wires shall, as far a« pmcticable, be continuous 



without jointa or breaks between intcriocldng machine 
and the unit operated ; joints when made shall be in junc- 
tion boxes, and only made on permiasion from the Engi- 



(b) In making joints, braid shall be pulled back one (1) 
inch from end (3 rubber on each side of q>lice, and nibber 
cut with knife held at an angle of approximately thirty 
(30) degrees with axis of wire, as one would sharpen a 

(e) After rranoving rubber, wire shall be thoroughlv 
cleaned, care bdng taken to prevent injury from smaU 
cuts or nicks. 

(d) Wire, after being cleaned, shall be twisted togeth^ 
in the form of a regular line wire rolice, turns bdng qiaced 
approximately one-sijrty-fourth Ciit) inch. 

(e) JcnntB snail then t>e soldered by pouring on them, or 
dipping them into, melted solder, a non-corrosive rosin 
flux being used. After soldering;, joints shall be painted 

with insulating pamt or with 

compound. 

(/) Joints shall then be covered with two (2) layers of 

insulating tape between «)da of braid, which 

tape shall be heated sumciently to form a tight covering, 
but not enough to injure the quality of the matraial. Coat- 
ing of lOBulating paint or com- 

Kound shall be put on ovfr insulating tape and two (2) 
tyera of adhesive or fncdon tape shall be 

applied, after which the outside of the joint is to be painted 
vith insulating paint. 



Material. 

(a) Fuses shall be of the enclosed type. 
Field work. 

i,b) The necessary fuses to properly protect all appa- 
ratus and circuits shall be installed. 

(e) Fusee outrade of buildings shall be enclosed in 
weatherproof boxes. 

(d) In the lighting circuits, a fuse shall be provided in 
the circuit to each s^nal lamp; In the circuit to each 
set of lamps on a mast; in each branch circuit leaving 
the mains, and in each set of mains leaving the switch- 
board. 

(e) Double pole fuse cut-out shall be provided tor each 
'ircuit on the powo' board. 
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(/) An additional double pole fuse culxmt Bhall be 

ilaced in stOTaee "-*" — '— ^ "-'- '- '■'"' 

batter tenninaU. 



placed ia stOTaee haXtxry leads sa near as possiUe to the 
t .... — tejTninala. 



;0. Tags. 
Malerud. 

(o) Tags shall be made of vulcanized sheet fibre, not 
leas than one-sixteenth (Ma) inch thick, firmly attached to 
the wire by the beat quality yacht marline one-€ixteenth 
IMa) inch in diameter. 

(b) The tag shall have a stamped imprint to show the 
function of the wire. 
Field tpork. 

ic) Wires shall be tagged at all junction hoz«8, switches, 
^gnals, rday boxes, arrester boxes, and at all line w^ 
connections, unless othcTwise specified. 



FLUXES FOR SOLDERING AND WELDING 

Iron, Borax. 

Tinned Iron, .... Resin. 
Copper and brass, . . Sal ammoniac. 

Zinc, Chloride of zinc. 

Lead Tallow or re«n. 

Lead and tin pipes, - . Resin and sweet oil. 

Steel, Pulverize — 1 part sal ammoniac, 10 

mirtB horax, and fuse until clear. 
When solidified, pulverize to powder. 



Striffinq the Insulation 

When stripping the insulation, the knife blade should be 

held at such an angle as one would use in sharpening a pencil ; 

do not hold the blade at rieht angles to the wire, as the wire is 

apt to be nicked if this is done. 

Splicing Stranded Wire to Stranded Wire 
Rfflnove the insulation carefully from the end of each 
wire for three to four inches, according to the size of the 
wire. Remove the braid about one incn further back from 
the bare portion of the wire, being careful not to cut the 
rubber. If the strands become lAtwisted, twist t<^ether ani* 
clean thtxtitighly of rubber, leaving the wire bright. 
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Starting as shown in ^. 261, twist the wires together in Uw 
r«ulv manner of niakii^ a line wire joint; cut off aurplui 
wve, as shown in f%. 252, and solder and tape as descrmd 
unda "SoldmnK" and Taping." See ¥is»- 263 and 254 
tar appearance of soldered and finished joints. 



t: 
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Fia. 262 
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a STBuniBD Warn to Btkandbii V 



Spucinq Stranped Wire to Soud Wirb 
Remove the insulation from the solid wire for about one and 
one-half inches and from the stranded wire for three to four 
inches, according to the size of the wire. Elemove the Inaid 
for about one inch back from the bare portion of the win. 
being careful not to cut the rubber. 
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Clean both stranded and aoUd wiree, leaving them bright. 
If the strands of the stranded wire become untwisted, twist 
them together and starting as shown in Fig, 256, twist the 
atranded wire around the solid wire, leaving about the thick- 
ness of the stranded wire between the tunis for atxnit two 
turns, and then wind close; cut off the solid wire, leaving 
-nough to turn an eye around the stranded wire as shown in 

■^[.256. Solder - -■ ' ■ ' ' "" 

and " Taping." 



F«. 256. Solder aiid tape as described under " Soldering " 
and " '" — ' — " 
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Fis. 262 
BruciHa 8(n.n> Wnu to Solid Wim 

Spliciho Solid Wire to Solid Wire 
The insulation should be removed from four to six inches 
from the end of each wire. Remove the braid for about one 
inch from the ends of the insulation. The bare wire idiould 
be thoroughly cleaned of all rubber. Lay the two wires 
together so that the distance between the insulations will be 
alwut one and one-half or one and three-fourths inches, 
as shown in Fig. 259. Hold the middle of the joint with 
the pliers and twist the end of one wire around the other, 
leaving about one sixty-fourth inch between turns lot solder 
to run in, as shown in Fig. 260. This winding should stop 
when the insulation is reached and the surplus wire then be 
cut o0. The other end should be wound in this same man- 
ner and the middle part twisted for three or four turns. 
Sotdca- and tape the jomt as described under "Soldering " and 
"Taping." 
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Making T Joints in Stsandbd or Soud Wires 
Remove the insulatioa tram the continuoua wire where the 
joint is to be made for about one and one-fourth inches and 
tbe braid for about one inch beyond the ends of the insula- 
tion. Remove the inaulation from the end of the tap wire 
in the same manner as described for joints in solid wire. Lay 
the end of the tap wire across the bare part of the continuous 
wire as shown in Fig. 263 and wrap around the continuous 
wire as shown in F^. 264, stopping when the inaulation is 
reached. Cut off the surplus wu% and solder and tape as 
described under "Soldering" and "Taping." 



L. Joints 

When two or more joints conae side bv side, as sometimes 
happens in parallel wires, one joint should be lapped bwond 
the other so as to leave at least three-fourths mch of the 
oriEinal insulation between the joints, as shown in Fig. 267. 

Soldering 

In soldering it is recommended that an approved soldering 

compound in stick form, such as Allen's Soldering Compound, 

be used. Joints should be soldered by pouring melted solder 



e 
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Taping 
All jointa whether for inaide or outmde work must be taped 
with Okonite tape (or its equivalent) in the following mannor: 
The tape should first be stretched to insure its laying tizht to 
the wire. Start the tape close up to the rubber insulatlo' 
(see f^. 2G8) and wind with a half lap over the joint and rub' 
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insulation to, but not over, the hmid at the end; thence back 
over j<aut and rubbo' insulation to, but not over, the braid on 
the otW' end, and then back to where taping waa BtaiteA 
(see Fig. 269). Warm the joint aufEciently to soften the tai» 
slightly, squeezing the tape down with the hand to make it 
aimere closely to the rubber insulation and to itself. 

Black friction tape of good quality should be applied over 
the rubb^ tape, using three-eighths inch tape for No. 16 
wire or smaller, five-eightbs inch tape for No. 14 to No. 10 
wire inclusive, and three-fourths inch tape for wires larger 
than No. 10. Start the tape near the midille of the joint and 
using a half lap, wind about one-half inch beyond the braid 
at one end; then back to one-half inch beyond the braid 
at the otho* end, thence back and finish near tne middle of the 
joint. In order to make a neat, strong joint, it is Deeeesaiy to 
draw the tape tight during the whole operation. 

See Figa. 254, 268, 262, and 266 for appearance of finished 
joints. Care should be taken to keep the bands free fram oils 
or grease, as these will injure both the rubber tape and the 
adfaemve qualities of the friction tape. 
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TRUNKING, JUNCTION BOXES AND 
SUPPORTS 



EXTRACT PROM R. S. A. SPECIFICATION FOR 
ELECTRIC INTERLOCKING (1910) 
700. Trunkino 
MaUrvU. 

(/) TnuildiiK, when on Btakn »bove ground and nin- 
ning paralld with the track, shall not Be placed neanr 
than dx (6) feet from the gauge lide ot the nearest rail 
except by niecial peiniaaion. 

(si hoeel conditions shall determine the lieight <^ 
trunking when above ground; in general, when trunkiiu 
ia run parallel with the tracks, bottom of tninkinK shaS 
be placed approidmately six (6) inches above ground. 

(i) Nails shall not be driven through the trunking fnm 
the injdde of the groove nor shall th^ be driven into the 
groove from the outside. 

(]) Inmde como' of tru 
to prevent insulatian on v,_- „ ._, 

Ot) Surfaces of trunking that are to be paint«d ahall be 
finished. 

(D Not less than one-third (^) ot the capacity of the 
groove shall remain free for the furtho' installation <rf 

(n) As q>eGifled, capping shall be securely fastened to 
trunking with { ^^Jj^*" } Gate hooka may be used on 
main runs of trunking and nails on ctobb leads. 

703. Joints in TBtnnciNO 

(a) Unleas otherwise specified, joints in grooved trunk' 
ing atajl be lapped, the ends of trunking being bevded at 
an angle of foity-^ve (45) d^ves. 

(b) Joints in built-up trun&ng shall be staggered. 

(c) Joints In capping shall be made at I«kat one (1) 
foot from joints in trunking. 

705. Trunking Supports 
Materiai. 

(a) Stakes shall be made of three (3) I 

inches by four (4) inches, or of equivalent circular sec- 
tion and ot sufficient length to allow them to be placed at 
least two (2) feet in the ground. Wfaoi, due to local r*- 
q^uirements, stakes of a greato" length than three (3) feet 
SIX (6) inches, or a ereater croea section than three (3j 
inches by four (4) incnes will be necessary, information a> I 
to the number, length, and croea section will be fumiabed 
by the Purchase to tlie Contractor. 



BLBCTRIC INTBRLOOKmO HANDBOOK 313 

Field work. 

(b) Trunking above ground shall be supported on stakes 
placed not more than five (5) feet centers. 

J(f) Stakes supportiDg trunkinK shall be placed verti- 
y and extend at least two (2) leet below tae surface of 
the eround, unlcHs otherwise specified. 

(«) A piece of cappii^ ^gnt (8) inches lone and tbe 
width of the trunking shall be placed between tne trunk- 
ing and each stake. 

(f) Each joint in the bottom of the trunking shall be 
supported by a stake. 

710. JtwcTioN Boxes 
Material. 

(a) Junction boxes shall be made of and 

so designed that terminals will be kept dry. Each junc- 
tion box shall be fitted with a cover, hasp, and staple. 

(b) Where ten (10) or less wires are used, junction 
boxes shall be sixteen (16) inches Bquare by twenty (20) 
Inches deep, Inade dimenaons, and shall be increased six 
(6) inches in leneth for each ten (10) additional connec- 
tions or fraction thereof made in tbe box. 

Field work. 

(e) Junction boxes shall be located as shown on 

drawing and at a height 

sufficient to allow terminals to be placed at least six (6) 
inches above top of trunking. 

(d) Junction boxes shall be supported in the same 
lS the trunking. 
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SECTION XIV 



PORTLAND CEMENT CONCRETE 



COVERINQ DB8CBIFT10N OF CLASSES 
OF tX)NCRETE, METHODS OF MIXINQ, 
AND TABLES OF VOLUUES OF MATE- 
RIAia REQUIRED 
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PORTLAND CEMENT CONCRETE 
Stobinq 

IN storing cement, wooden blocks should be placed on the 
Soot and covered with boards ; the bags of cement should be 
piled on this to a depth of six or eight iey^sn, keeping 
the piles six or eight inches away from the walla of the 
building so as to obtain a free circulation of air on all sides. 
The cement should be covered with canvas or roofing paper. 

The place chosen for storing the cement should be as drv as 
possible, as cement absorl» moisture from the atmospnere 
with great readiness, soon becoming lumpy or even a solid 
mass u the storehouse is at all damp. In this condition It is 
iiselen and should be thrown away. Lumps caused by 
pressure while being stored must not be mistaken for cement 
that has been wet and has then hardened; lunips caused by 
pressure are easily broken, the cement btang perfectly good. 

Portland cement is shipped in paner bags or cloth sacks, 
the second means being recommended as best for the average 
uaer. 

Fropobtions op Material for Concrete 

A Rieh Mixture, with proportions of 1 ; VA : 8, Is used for 
columns or other structural parts subjected to high Btrenee 
or requiring exertional watei^tightness. 

A SUmdard Mixture, with propi»1^ionH otl :2 : 4, is used for 
reinforced floors, beams, and ctdumns, for arches, for rein- 
forced eng^ or machine foundations subject to vibradons, 
for tanks, sewers, conduits and other water-tight work. 

A Medium Mixtun, with proportions of 1 : 2^ : 5, is used for 
ordinary machine foundations, retaining walls, abutro^its, 
piov, thin foundation walla, building walls, or^nary floors, 
sidewalks and sewers with heav^ walls. 

A Lean Mixture, with proportions of 1 : 8 : 6 and 1 : 4 : 8, Is 
used for unimportant work in masses, for heavy walls, lor 
htrge foundations supporting a stationary load and for stone 
masonry backing. 

CONSISTENCTf Or CONCRETE 



mass concrete, such as foundations, heavy walls, large archee, 
pieav and abutments. 

A Wet or Mushy C<merete, so soft that it will not require 
ramming, shall be used for rubble concrete, and for reinforced 
concrete, such as thin building walls, columns, doors, con- 
duits and tanks. 

A Dry Conerele, of the consistency of damp earth, may be 
employed in damp locations for moss foundations, which must 
stand severe compresmve strain within one month after placing, 
providing it is spread in six inch layers and tsmmet 
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UlZINQ CottCBBTE BY HaMD 

For miTJTia concrete by hand, a, wster^dght platform is 
Mnmuneaded on which is first 'prtad. the aim iJid than the 
required unoimt of cement. Two or man labonra, an 
even number worldng on each ride <rf the boud, ahould VBte- 
matieftlty turn the cement into the mad with a alight "flip" 
on leaving the Bhorel, beiiv sure to cut to the botton of ue 
pile at each a&oka. This opoation will have moved tlie loca- 
tion of the pile about two feet. Reversing &ia direction of 
the operation I»ines the pfle to its original poaittot, bat in & 
mixed condition. B7 cutting into the pile with a shovel, aa 
idea of the uniftomi^ of mizlng can euhr be obtained; the 
Mtpeanmce ci streaks indicates the need kit another toning. 
If the mixture is of uniform coIm', the raqoired amount of 
stone maj' be distributed over the pile, which should be tunied 
in the same manner until tfaorooghly mixed. Water is thn 
added and the mass again turned until the desired conaiBteney 
Is secured. 

MntNO CONCBGTE BY HACHIMB 

Recent experiments conducted on the strength of machine 
concrete mixed for varying periods indicate that the matniala 
must remain in agitation vith the water for at least a full 
minute. The tendency to rush work is not productive of good 
concrete, and ahould, eonaeanently, be curbed. In gencnl, 
machine mixing where carefully contndled is superior to band 
wtnic, aince fatigue of the workman has no influ«ice upon the 
thoroughness of mixing. 

Cautions 

On adding water to the dry cnnent it becomes a soft, stick; 
paste, and will remain so for about one4ialf hoar, after 
wUeh it begins to harden or "set." To disturb the c<nicrete 
after this imtial set has started means a decided ioaa in Bbength, 
while to disturb it after the set is well under way means to 
destroy the concrete. It ahould, therefore, be remembered 
tiiat Portland cement concrete must be placed in pontioD 
within twenty or thirty minutes from the time after it ii 
first wet. 

A green cement mixture, which can be easily froson at a 
temperature below 82 d^rees Ftibt., should be pnrtncted 
from exposure by placing canvas ot roofing paper over the 
form and covermg this with four or five inuies of earth or 
straw. Freezing does not materially affect the Undliq! quatities 
of good Portland cement, provided the concrete is not sub- 
jected to alternate freezing and thawing, does not freeze 
until after placing, and b not subjected to anv load until 



B been thaw«l out and ^owed to ' 



Vi 
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vn,j. It is safest to avoid mixiiig on days when the tem- 
perature fs below the freezing point, that is 32 degrees 
FUir. If it is necessary, however, to make concrete under 
theee conditiDna, the sand, water and stone should be heated, 
and if the cold Is severe, ealt should be added in proptntionB of 
two pounds to each cubic yard of concrete. 



EDITOR'S NOTE 

Abow artfeie bated <m ditia fumiahed by UnivencU Portland 
Cement Company. 
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R. S. A. SPECIFICATIONS FOR PORTLAND CEMENT 

concrkte (1912) 

1. General 

These specificatlcHiB are for maldi^ concrete aa uaed In 
aignal conatmctioti. 

2. Ceuent 

Cement shall be Portland, either American or Foreign, 

which will meet the requirementa of the 

tpecifications. 

3. Sand 

Sand nhatl be clean, sharp, coarae, and of grains vaTying 
in size. It shall be free tram sticks and other foreign 
mattO', but it Toaj contain claj or loam not to exceed five 
(5) per cent. Cnlsher dust, screened to reject all puticles 
over on»-fourth 04) Inch in diameter, may be used instead 
of sand, if approved by the Engineer. 

4. Stonb 

Stone shall be sound, hard, and durable, crushed to sizes 
not exceeding two (2) iochea in any direction. For rein- 
forced concrete, sizes usually are not to exceed three- 
fourths (%) inch in any direction, but may be varied to 
suit chamcter of reinforcing mat«^. 

5. Gravel 

Gravel shall be composed of clean pebbles of hard and 
durable stone of sizes not exceeding two (2) inches in 
diameter and shall be free from clay and other impurities 



except sand. When containing sand in anv considerable 
quantity, the amount of sand per unit of volume of gtavel 
snail be determined accurately, to admit of the props' 



Heasusb 
The unit of measure shall be the barrel, which shall be 
mtalning three and eight-tenths (3.8) ( 
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Diocsmr of iNOREDistrra 

(a) For pipe carrier foundations and reinfcRced con- 
crete, a density proportion haaei on 1 :6 ia recommaided, 
' ~ ~~e (11 part of cement to a total of six (6) parts of 



density proportion based on 1 ;9 is recommended, i. e., one 
(1) part of cement to a total of nine <9) parts d fine and 
coarse aggr^tes measured separately. 

Htxma 

(a) Tight platfcvmB shall be provided of suffident au 
to accommodate men and materials for progreamve and 
rapid mizine. Batches shall not exceed one (1) cu. yd. 
and Btnitlla: batches are preferable. 

(b) Spread the sand evenly upon the platform, then the 
cement upon the sand, and mix thoroughly until <A an 
erea color. Add all the water necessary to make a ttun 
mortar and spread again; add the gravel if used, and 
finally the broken stone, both of which, if dry, should fitit 
be thoroughly wet down. Turn the mass with shovds or 
hoes until thoroughly incorporated, and all the gravd and 
stone is covered with mortar; this will probably require 
the mass to be turned four (4) times. 

(e) Another approved method, which may be permitted 
at the option of the Engines- in charge, is to q>rMd the 
sand, then the cement and mix dry, tfaeo the gravel at 
broken st^me. Add water and mix thoroughly as above. 

(d) A machine mixer may be used whenever the vabaae 
of work will justify the expense of instaJling the plant 
The necessary requirements for the machine wiU be that 
a precise and r^ular proportioning of materials can be 
controlled and that the product deUvered shall be of the 
required consistency and thoroughy mixed. 



The concrete will be of such consiBtency that when 
dumped in place it will not require much tampiiq;. It 
shall be spaded down and tamp^ sufficienUy to levd oS, 
and the water should rise &eely to the surface. 

11. Forms 

(a) Where necenary, forma shall be well built, substao- 
tial and unvielding, properly braced, or tied together by 
means of wire or rods, and uiall conform to linss givsn. 

(b) For all important work, the lumber used nr bee 
work shall be dressed on one (1) ade and both edges to s 
uniform thickness and width, and shall be sound and tnt 
from loose knots, secured to the studding or uprights in 
hmrizontal lines. 
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m^beuM 

(d) where comers of the masonry &nd other prajections, 
liable to injury, occur, suitable moldingB BhaU be placed 
ia the angles of the forms to round or bevel them on. 

{«) Lumber once used in forms shall be cleaned before 



placed. In freezing weather thi^ must remain until the 
concrete has had a suffldent time to become thoroughljr 
hord^ied. 

(0} In dry, but not freezing, weather the forms shail be 
drenched with water before the concrete is placed against 



bonding with the next layea* above; and if it be already 
set, shall be thoroufhly cleaned and ecnibbed with coarse 
bruBhea and water before the next layer is placed updn it. 

(b) Concrete shall be deposited in the molds in layers of 
uniform thickness throughout. 

(e) The worlc shall be carried up in secdops of convenient 
length and each section completed without intermissioa. 

(d) In no case shall work on a section at<9 within eight- 
een (18) inches of the top. 

(«) Concrete shall be placed immediately aft^ mixing 
and any having an initial set shall be rejected. 

13. Facmo 

(a) The facing will be made by carefully working the 
coarse material back from the form by means of a shovel 
bar or similar tool, bo as to bring the excess mortar of the 
concrete to the face. 

(b) About one (1) inch of mortar (not grout) of the 
same proportioiis as uaed in the concrete mav be placed 
next to the forms Immediately in advance of the concrete. 

(e) Care must be taken to remove from the inside of the 
fcHms any dry mortar, in order to secure a perfect face. 



(a) After the forms are removed, which should Eenerally 
be as soon as possible ait^ the concrete is sufficientlv 
bardoied, anv small cavities or openings in the face shall 
then be neatly filled with mortar. The entire face shall 
then be washed with a thin grout of the consiBteney of 
whitewash, mixed in the same proportion as the mortar 
of the concrete. The wash shall he applied with a brush. 
The earlier the above operations are pmormed the better 
will be the result. 
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(b) The top siuAce of sH eruik, corapen^tor, wdl hole. 

' • - il (bundatioos BhaU benil" ' 

« true to gnule and line. 

15. Watbrfroofino 

Where wBterproofln^ is required^ a thin coat of mortar 
or Bvut shall be applied for a finishing co«t upon wluch 
shall be placed a covering of suitable waterproofing mate- 
rial. 

16. Frixzino Wbatkbr 

Concrete to be left above the surface of the ground shall 
not be constructed in freezinz weather, excqtt by spedal 
instructions. In this case the sand, water and tefken 
Btone shall be heated, and in severe cold, aalt shall be added 
in proportion of about two (2) pounds per cu. yd. 

17. Reinforced Concrbttei 

Where concrete is deporit«d in connection with metal 
reinforcinE, the gmtest care must be taken to insure the 
coating of the metal with mortar, and the thorough com- 
pacting of the concrete around tiie metal. Whenever it 
IS practicable the metal shall be placed in podtion first 
This can usually be done in the case where the metal 
occurs in the bottoms of the forma, by supporting the 
metal on transverse wires, or otherwise, and then flushing 
the bottoms of the forms with cement mortar, so as to get 
the mortar under the metal, and depositing the concrete 
immei^tely aft^^rard. The mortar for flushing the ban 
shall be composed of one (1) part cement and two (2) parts 
sand. The metal used in the concrete shall be free from 
dirt, oil, or grease. All mill scale shall be removed, by i 
hainmerlng the metal, or preferably by pickling the same 
in a weak solution of muriatic acid. No salt sl^ll be used 
in rdnforced concrete when laid in freezing weather. i 
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SECTION XV 



WRITTEN CIRCUITS 



mCLUDINQ NOMENCLATimE OP OPER- 
ATED XJNTTa, CIRCUITS, AND WIRES, 
WITH TYPICAL ILLUSTRATIONS 
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WRITTEN CIRCUITS 

WRITTEN Circuita, as hereafter described, have berai de- 
seed to overcome the faults in the old method of 
circuit drawii^ which developed upon attempting ita 
application to large interlocldug inatallatiooB. 

A circuit [ilan lor an interlocking, drawn up by the old 
method, consisted of a track plan, more or less to acale, on 
which plan aymbols of the various pieces of apparatus were 
shown, placed as far as poaaible in tneir proper relative posi- 
tions; such points as should be electrically connected were 
joined by lines repreBentinfi: wires. 

While this method has been of great value in the past and 
still remains so for typical circuits, automatic signal work and 
email interlocking pWts, the plans run into such mze when 
used for large mterlocking installations as to practieally 
prohibit ita use in connection with that class of work. 

It is true, furthermore, that a great deal of unnecenary 
labor is involved in both drawine and deciphoing the circuita. 
For example: The engineer in drawing vp such a plan b^ins 
with some simple sketches, perhaps using 8:niibol8 of his own 
invention. After carefully checkup these circuits and assur- 
ing himself of their correctness, he converts them into the 
rather elaborate form described above, in which the attempt 
to keep down the size of the plan is very apt to result in a 
cramped arrangement of apparatus and a tangle of wires. 
When the man on maintenance or installation wiuics to make 
use of these circuits, he has to reverse the process and reduce 
the composite drawing to ita simple elements. 

Written circuits have been designed to eliminate this un- 
necessary work and especially to secure plans in which the 
complete circuit for any given switch, signal, or other function, 
can oe written on a page of ordinary size without crowding, 
these pages being bound together in a book which will easi^ 
and instantly permit reference to be made to any portion of 
the wiring of the plant. 

A set of plana drawn up in accordance with this method 
involvee the foUowiog: 

1. Location Plan. This shows the relative location of 
track, interlocking station, switch and ngnal (unctions, track 
relays, switch circuit controllers, etc. Notes, such as for the 
routiniE of rignal arms, should be included on this plan. 

2. TypuMl Plan of Special Ciretnta. Thia shows what is 
proposed to be accomplished in route locking, etc., these 
circuits to be drawn up either by the old method, or in "written" 
form, as desired. 

3. Typical Platw of Signal Ctreutte, SwiUh Cireuila, tie. 

4. Special Ctrcuitt, made up in "wriOen" form. These 
special circuits are separated so that circuits not connected 
together are k^t entirely apart irom each other, being drav 
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up on BCMrate aheeta. This deainble feature causn t^ 
"written" circuiU to be ezcc^tionalljr clear and p«mits thdr 
being readi^ grasped. 

5. DetaQ Wiring Plans. It may be hdpftd under eotain 
conditlonB to add to the circuits listed above, detail plans 
showing the wiring for the indicator group and isteriocking 
machine. 

In drawing up such circuits it is necessary to use a nomot- 
clature for naming the apparatus and to adopt symbols to be 
used in writing the circuits. A nomenclature of operated units 
and of circuits, which has been used for some time 1^ the 
General Railway Signal Company and found thwou^il7 
practicable is given on the following pages. 

On page 337 is given a nomenclature of wires. It ia to be 
understood that this is equally applicabls to written drcuita 
or to circuits drawn up by the olaer methods. 



NOMENCLATURE OF OPERATED UNITS 

A ^-Approach Relay or Indicator. With number as pre- 
fix, indicating number of principal signal up to which the 
approach section controlling same leads, as lOA. 

B — Ptmiive Bailer^ Wire. Used alone where on^ one 
battery voltage is in use. When used with H as a 
Biifflx (BH) indicates 110 volt battray. When used with 
L as a suffix (BL) indicates low voltage battay. Whrai 
more than one low voltage battery is used with dif- 
ferent voltage, use number indicatii^ voltage ss further 
suffix, as BL-10, indicating 10 volt battery. 

C — ComvuM Wire. Used uone when only one common Is 
in use. When used with H as a suffix (CH) in^cates 
110 volt common. When used with L as a suffix (CL) 
indicates low voltage common. When more than one 
high voltage or low voltage common is used, use num- 
bers as further suffixes. (CH-I, CH-2, CL-1, etc,) 

D — Relay or Iitdieatar ConfroUing the Nintty Degrea Poti- 
lion or Distant Function of a Sif[tud. With pmix indi- 
cating the number of principal signal which it controls, 
as lOD, indicating re^y or inmeator controlling the 
ninety degree position of signal No. 10, or signJ No. 
10 if it is a distant signal in two position signaling. 

E — Special Relay or Itidieaior (other than T, D, H, K, or F 
relays and indicators). With number as prefix indi- 
cating number of princit»l unit enteaii^ into its control, 
or inmcating principal unit which it controls. 

F — Rday or Indiealor Repeaiina a Tradt Relay or Signal. 
With number as a prefix indicating number of relay or 
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throuehbl , 

H — iMoy or l-oAieator Conirofting Forty-fiva Dtgru Pontion 
or Some f'unelum of a Sianai. With prefix indicatinE the 
number of prindpftl rigoil which it controls, as lOH, indi- 
cating relay or indicatto' controU' — **— ' — '~ " — -* 

position of signal No. 10, or sign 
aignal in two pofdtdon sifm&ling. 
J — Junctum Box or Terminal Board. With arbitrary nuin- 

ber as prefix, as 10 J. 
K — Lock Relajf. Used in connection with route or detector 
lockinz for interrupting the current supply to switch 
and derail machines, etc., with number as a prefix. 
Indicating track section affected by it, as lOE. 

KS~ Knife SvHieh. 
L — Lever Lock, With prefix indicating number of lever 
which it locks, as lOL, meaning lock on lever No. 10. 

LA — Lightning Arrester. 

LC — Lofch Contael. With prefix indicating number of lever, 

aBlOLC. 
U — Man-hole. With arbitrary number as prefix, as lOM. 

PB — Push Button or Strap Kar 

PC — Pole ChangiT)^ Relay. With prefix indicating number 
of signal at which relay is located or number of signal 
controlled by it. 
S — Stick ReUty. Used in connection with route locking. 
With number as prefix, as 108, meaning stick relay 
locking route of s^ial No. 10, or locking ooentei units 
in track section lOT, if separate stick r^ys are used 
for each track section. 

SL — Ouayinff Switch Lock. With number as prefix Indi- 
cating number of controlling lever. Use arbitrary 
numbW if there is no controlling lever. 
T — Track Circuit. With number as prefix indicating num- 
ber of track circuit, as lOT, which la also the name of 
the track relay for track circuit lOT. 

If cm. — Tha number tat the tngk dreoit ii t»k«n tmm Uw tollowlnc in 
tha ordar civw: 

M. P. Frog or 

Switch (H- 

Derail or 

Arbitrary numbers 01, 02, 03, etc. 



TP — Telephone. 

TR — Time Releate. With number as prefix indicating 

principal unit which it releases, as lOTR. 
V — Electric Slot. With number of signal as pr^x, as lOV. 
XB — Croaaing BeU. With arbitrary ntunber as preQx, such 

as lOXB. 
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NOUENCLATURE OP CIRCUITS 
Syubou for Operated Untib 



signal, etc., inaide, thus: 



a of a three^xHition edgaal 




And the ninety degree thus: 



Circuit Controllers Operated by Switch Ponns | 
Closed when switch is normal,. . . m ^^ 

Closed when switch is reversed, . - . Qa\ | 

Closed when switch is normal and 

locked in positjon lo I I 

Closed when switch ia reversed and ' 

locked in position, Ii'mM 

CiRCurr Controllers Operated ry SioNAia 

Cloaedat 0° only, T° i 

Closed at 45° only, ^ 

Closed at 90° only, i^ 

Closed at 60° only, ^ 

Closed between 0° and 45°, .... w 

Closed between 45° and 90°, etc., . . lo 

4s«6 



ELBCIBIC IMTERLOCKIMO HANDBOOK 



CntCDTT CONTBOUiBRS OPERATED BY LeVSRS 

N B C D R 



N — Full norma] poeitioD of lever. 
B — Normal indication position. 
C — Intermediate potation. 
D — Reverse indication positioD. 



R — Full reverse podtior 




Relay and Indicator Contacts 

Neutral front contact, ,a 

Neutral back contact, , j2 

Noimal polarized contact 

Reverse polarized contact, 

Intermediate contact on three-posi- 
tion relay: Closed when relay is 
deenerg^zed, 

TiHB Release Contact 

Normally closed, 

Normally opm 
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Latct Contact 
Nomully cloeed 

NormallyopeD, »i.o 

Push Button ob Strap Eby 
Normally cloeed \"y 

Normally 4q>en, «*» 

Enifb Switch 

Normally closed, iK»( 

Normally open k» 

Teruinal wj Meaniiuc tenninal in junction ttoz 

No. 10 or on termiiuil board No. 



NoTB. — Small aumbera written u mponsnti to the ri^t uid abov* 
nUr numben, levi ^ . . . __ 

R«lu or Indiokt 
toirard the relay . 



NoTB. — Small aumbera wntten u aiponenti to the ri^t 
relay numbers, lev^ Dumben. etc-, ladioate ooataoi numbera. 

Relay or Indiokton contaeta are Dumbered from left to ii(ht lookilia 



Graphical Syhbou for CiRCurr Controllers 
Operated by Levers 

Utid«l 2, Intcrlookins maehiiM. 

Lever Contact Numberino 
Uodal 2, int«ckM!kitig nuuduuB. 
torroM Top 
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NOMENCLATURE OF WIRES 
The matter of primary importance in naming wires Is to 
have a different name for eacn wire and have It so shown on 
both the plan and suitable tags attached to the wires: this in 
order that a wire on the groimd may be quickly identified on 
the plan. 

At the same time it is highly deniable to have a wire nomen- 
clature system that is suggestive, bo as to reduce, as far as 
possible, the necessity for reference to plans. 

On account of the multitude of circuit combinations possible, 
a ^stem must be rather elastic. With all of the above taken 
into consideration, the following is submitted as a practical 
system of wire nomenclature. 

NoTB. — Nainn of wires are i 
Nurobn of oabls coatiuaiDS 



■hown i»i plana la brscketa. Uiua: (lOD). 

: ■ wire may be wiitteu above ud at ngU 



I — Imticatwn Wire. With ntunb^ of unit which it Indi- 
cates as prefix, as 101. 
LL — Lightwfi Win. 

N — Normai Conirvl Wirt. With number of operated unit 
which it controls as prefix, as ION. 

P — Ninety Dvant Control Win. With number of signal as 
prefix, as lOP. 

B — Reoen* Control Win. With number of operated unit 
which it controls as prefix, as lOR. If 10 is a toree-position 
signal, lOR is the name of the forty-five degree control 

V — Slot Wire. With number of rignal as prefix, as IDV. 

X — Wire goin^ to positive battery through a circuit con- 
troller on a signal closed in the zero degree position only, 
with the number of the sdgnal as a prefix, as lOX. 

Y — Wre going to pomtive battery through a circuit con- 
troll^" on a s^naf closed from zero to forty-five degrees 
only with the number of the signal as a prefix, as lOY. 

Z — Wre going to positive battery through a circuit controller 
on a signal closed in the clear podtion if the signal la a 
two-poatlon signal, or closed m>m forty-five to ninety 
degrees if the mgnal ia a three-position ^gnal, with the 
number of the signal as a prefix, as lOZ. 
Wires not covered by the above are named as follows: 
A wire leading from the operating coil of a unit toward 
battenr positive takes the name of this unit, as lOH, meaning 
the wfre from the coil of home control relay for signal No. 10 
leading to positive. After passing through a circuit controller, 
it takes the number "1" as a suffix, as lOHl. This suffix 
number increases by one as the wire successively breaks through 
additional controllers. 

The wire lesdiiu; from the operating coil to battery negative, 
takes the name of the unit with the Tetto- " C " as a prefix, as 
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CIDH, and after breaking through succcaaive eontroUcn is 
written ClOHl. CI0II2, etc. 

The above method applies directly to simple circuits having 
no branches, thus: 

C— 10F- 

Id cases of branch wiring this method is applied directly to 
the principal circuit — circuit for superior route. The Srst 
bi&nch from this circuit takes the suffixes 21, 22, etc., instead 
of 1, 2, etc. The second branch 41, 42, etc., thus continuiiig 
allowing twenty numbera for aach branch. 



>»"l Ll. 
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ILLUSTRATIONS 

Illustrative ot "Written Circuits" Etnd "Wire Nomen- 
clature," ia shown in Fig. 274, a section of an interlocking 
plant witli the special circuits u^d in connection with such an 
ammgement. In accordance with the instructions eiven under 
"Location lian" on page 331, the tPack plan with the rela- 
tive location of signal and switch functions, track relays and 
the interlocking atatioD with its indicators, relays, etc., ia shown. 

Below the track plan are shown the special circuits drawn 
up in written form. Referring to the sheets of nomenclature 
shown on the preceding pages, it will be seen that the circuit 
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shown at the top is for the control of the annunciator for 
signal No. 1, tlus takinK low voltage battery through front 
contacts of the track relays for sections 03T and 02T. Sim- 
ilarly the control of lock IL takea battery through normally 
dewed contact No. 2 of screw release ITR, the front point of 
home relay 8F, the front point ot contact No. 2 ot stick relay 
IS and the latch contact of the lock itself; the current aft^ 
paanng through the lock goea to the low voltage common 
wire. Information regarding the operation of this tjrpe of 
special circuit may be had by reference to the Section on 
''Electric Locking Circuits" (page 133). 

Kj. 275 illuatratea the method ot writing a signal aelecting 
circuit. This is included principally to show the application ot 
the wire nomenclature to the different branches of the same 
circuit. The wires of each branch are designated in the same 
manner as in the principal circuit but with the suffixes 21, 22, 
23, or 41, 42, 43, etc., these dependii^ upon the order in which 
the Cerent branches are taken from the principal circuit. 
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SECTION XVI 



SIGNAL ASPECTS AND SYMBOLS 



COVERING STANDARDS ADOPTED BY 
THE RAILWAY SIGNAL AS80CLA.TI0N 
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SIGNAL ASPECTS AND SYMBOLS 

R. S. A. PRINCIPLES OF SIGNAL INDICATIONS 

(1906) 
(a) On all high mgnala confenine or restricting rights a 
red lieht shall be the night indication for stop. A yellow 
light shall be the night indication for CAUTION, and a green 
light the night indication for proceed, 

Non. — Ths void cautioD to be used aa iodicatiDg the fimotioa of 
■ distant nuDst. 

(6) The day indication of semaphore signals shall be 
given in the upper right-hand Quadrant. 

(c) The semaphore arm in the horizontal position shall 
indicate STOP, mclined upward forty-five (45) degrees, 
CAUTION, and inclined upward, ninety (90) degrees, 



SIGNALING PRACTICE AS DEFINED BY THE 
R. S. A. (1913) 

MlafOBANDUH ON THE ESSENTIAI^ OF SIGNALING 

Incorporated in the Report of the Committee on Trans- 
portation of the Ama-ican Railway Association, May, 1911. 

"The reports of various Committees of the Railway Signal 
Aaeociation and of the American Railway EnEineering Asso- 
ciation on the subject of s^cnallng have been submittea to this 
Committee, with the request that the essentials of Hignaling be 
outlined or defined for the future guidance of their Committees. 

The subject has been carefully analyzed and considered. 
There are three signals that are essential in operation and 
tho^ore fundamental, viz: 

1. Stop. 

2. Proceed with caution. 

3. Proceed. 

The fundamental, "proceed with caution," may be used 
with the same aspect to gov»7i any cautionary movement; 
for example, when : 

(a) Next signal is "stop." 

i6) Next signal is "proceed at low speed." 

''i Next signal is "proceed at medium q>eed." 

A train is in the bloclc. 
, , There may be an obstruction ahead. 
There are two additional indications which may be used 
where movements are to be made at a restricted speed, viz: 

4. Proceed at low speed. 

5. Proceed at medium speed. 

Where automatic block svstem rules are in effect, a special 
mark of some distinctive cnaracter should be applied at the 
stop signal. 
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The Committee thenioK recommaidB : 

SlONAE FUNDAIfENTAU 

1. Stop. 

2. Proceed with caution. 
8. Proceed. 

SupplementaiT IndicationB to be Ueed Where Required. 

4. Proceed at low speed. 

5. Proceed at medium speed. 

SUm BigDala opcmted under automatic block tryston rala 
ihoula be derignated by aome distinctive mark to be deta^ 
mined by each road in acccmlance with local requiranoita." 

Rbcouhendationb of Comuttee I 
Your Cammittee nibmita for approval the following tvo 
sehemeB of Binialing in cooformlty with the recommendatinu 
of the Committee on Transportation. 



a No. 1 
FundamentalB 



2. Proceed with caution. 



r' 

I 



Aj9 means of des^natiuK stop mgnals opraated und^ auto- 
matic block system rules, the followii^ are suggested: 

1. The use of a numbtr plate; or 

2. The use of a red marker light below and to the left i^ 
the active light ; or 

3. The use of a pointed blade, the blades of other sigtuJi I 
giving the stop indication having square ends; or 

4 . A combination of Uiese distinguishing features. 

I 
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Scheme No. 2 



2. Proceed with caution, . 



\0 K? 



4. Proceed at low speed, 



o 



5. Proceed st medium ^eed. 



As means of designatluK stop signalB operated under auto- 
matic block syatems rules, the foUowing are Buggested: 

1. The use of a number plate; or 

2. The use of a red marker light below and to the left of 
the active light ; or 

3. The use of a pointed blade, the blades of other mgnals 
giving the stop indication having square ends ; or 

4. A combination of these distingu^ing features. 
Having in view the practice of indicating diverging routes 

by several arms on the same mast, the Committee submita 
for approval the following to establish uniformity in this 
practice: 
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rj z] b 
or 3 or k or p 

K? k? k? 



2. Proceed with caution, . 



ft 



^or^oT^ 



5. Proceed on low-speed route, . . D or ^ or ('^ 



Proceed on medium qteed route, 
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D D 

8. Reduce to medium speed, ... or p 



Ab means of de^nating stop signals operated under auto- 
matic block system rules, the following are suggested: 

1. The use of a number plate ; or 

2. The use of a red marker light below and to the left of the 
active light ; or 

3. Tne use of a pointed blade, the blades of other signals 
giving the stop indication having square ends; or 

4. A combmation of these diBtinguishing features. 

The above three schemes are submlttra, after an earnest 
effort to carry out the Committee's instructions to submit a 
uniform scheme of signaling, with the idea that each scheme 
is complete in itself. 



SIGNAL DEFINITIONS 

A "non-automatic" signal is one which is in no way con- 
trolled by track circuit. 

An "automatic" signal ia one, the primary control of which 
is the track circuit, or in other words, it is a signal which 
automatically gives indication is regard to the integrity of 
the track through its block, 

A "semtiiutoniatic " signal ia a manually controlled auto- 
matic signal and may, or may not, be interlocked. As to 
whether it is, or ia not, interlocked, will be apparent from Its 

Sosition oa the plan and its relation to other signals. It is 
) be understood that this manual control ia direct, and that 
a mgnal is not to be considered semi-automatic because some 
feature of ita control ia d^endent upon another s^nal which 



which will not dear automatical^ after it haa been put to 
stop by interruption of the track circuit. It cannot be cleared 
agam until the manually operated device controlling it haa 
been restored nonual and reversed once more. 

A "non-stiek-Butomatic" signal operates automatically aa 
— Z as all contacts (levO", dgnal, controller, etc.), other than 
~ c relay coatacta affecting its control, are cloaed. 
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SECTION XVII 



GENERAL DATA 



C»VERINa THE WEIGHTS OF G. R. 8. 
INTERLOCKING APPARATUS, MAINTE- 
NANCE TOOLS REQUIRED, BELTING, 
PULLEYS, SWITCH-LEADS AND CROSS- 
OVERS, TABLES OF NAILS, SCREWS, 
NUTS, ETC., TABLES OF SPECIFIC 
GRAVITIES, WEIGHTS AND MEASURES, 
FAHRENHEIT AND CENTIORADE TEM- 
PERATURES, FRACTIONS AND DECIMAL 
EQUIVALENTS, POWERS AND ROOTS, 
. AREAS AND CIRCUMFERENCES OF 
CIRCLES, ETC., ETC. 
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GENERAL DATA 
SHIPPING WEIGHTS OF G. R. S. APPARATUS 

Chasging Apfaratub p^at" 

D-CGenmator, capacity 1.2SK.W. (Page 169), . . 290 

D. C. Generator, capacity 2.60 K. W., 340 

T>. C. Generator, capacity 3.25 K. W 500 

D. C.-D. C. Motor Generator Set, capacity 1.25 K. W. 

(Page 168) 600 

D. C.--D. C. Motor Geneator Set, capacity 2.40 K. W., 800 

T>. C.-D. C. Motor Generator Set, capacity 8.25 K. W., 1060 
The above weighta cover the neceaBary startiiig devices 
uid field rheoetats. 

Transforhers 

Type K, air cooled (Fig. 249) 20 

Type LI, complete with oil, hanger, and cut-outa 

(Kg. 247), 180 

Type 12, complete with oil, hanger, and cutouts, 176 

Type LS, complete with oil, hanger, and cut-outa, 210 

FOWKR SwirCHBOARDB 

Board, 24' x 36*, controlling 1 H. V. battery and 1 
generator (Fig. 117), 210 

Board, 24' x 48\ controUitig 1 H. V. battery, duplicate 
Bets of L. V. battery and 1 generator (Fig. 119), . . 410 

Board, 48' x 48', controlling 1 H. V. battery, du[dicate 
seta of L. V. bftttoy, 4 aets track batt«y, and 1 gen- 
erator (Fig. 121) 600 

Opbbatinq Switchboards 

1 Section Board, 12' X 86', no voltmeter (Pig. 128), . 280 

2 Section Board, 24' z 36', no voltmeter 630 

S Section Board, 86' x 86', no voltmeter, 600 

1 SeetionBoard, 12'i48', withvoltmetw, 350 

Pand, 12* X 12', with voltmeter 70 

LiOHnNQ Panels tor Fowbr and Ofekatinq Boabdb 
Panel, 12* x 12', with 5 S. P. S. T. awitchea (Pig. 180),. 90 

Panel, 12' x 18',with 10 S. F. S. T. switches (Fig. 132),. 110 
Panel, 12* x 24', with 6 D. P. S. T. or 12 S. P. S. T. 

Bwitches 150 

Panel, 12' x 36', with 9 D. P. S. T. or 18 S. P. 8. T. 

switchn, . 190 

INTBRLOCKMO HACHINB 

Model 2 — 1 tier loekiiig. 

Per leva- 90 

Per Bpare space, 70 
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Per spare space, 

Uodd 2 — 8 tier locking (Fig. 137). 
P» lever, . 



' 1 tio' locking. 



2 titr locking. 



- 3 tier locking (f^. 136). 



ir fSMtre space, . 
Hodel2 — 4tierloc 

Pm lever, .... 

Per spare qxice, . 
Unit Type— ' ■' ' 

Per lever, . 

Per spare tq 
Unit Type — 

Per fever, . 

Unit Type - 

Per fever, 

Per spare space, 100 

Unit Type — 4 tiw locking. 

Per leva- 150 

Per spare space, 120 

The above weights for machines c<»aplete with levers, 
individual polarized relays, riveted locking, and cabinet. 
Complete Set of Locking — Averts wdghts per wn-k- 
ing lever. 

1 Tier o( Locking, 10 

2 Tiers of Locking, 15 

8 Tien of Locking 20 

4 Tiers of Locking, 25 

S^tarate Lever complete with polarized relay 40 

Lever Lock (Fig. 141) applied to machine, 10 

Switch Li^youtb (Oank Connected) 
Single Switch. Model 2 switch machine (Pig. 168), . . 1000 
Sinefe Switch, Model 4 switch machine (Fig. 162), . . 1500 
Split Point Derail. Model 2 switeh machine (Fig. 165),. lOOD 
Split Point Derail, Model 4 switch machine (Fis. 164), . 15O0 
Hayes Derail, Model 2 switch machine (Fig. Iff7), . . IIOO 
Hayee Derail, Model 4 switch machine (Fig. 166), . . 1600 
Wharton or Morden Derail, Model 2 switch machine 

(Kg. 169), 1100 

Wharton or Morden Derail, Model 4 switch machine 

(Fig. 168), 16O0 

Si>^le Slip Switch (one end). Model 2 switch machine 

(Fig. 171) lOOO 

Siruile Slip Switch (one end), Model 4 switch machine 

(Hg. 170) 1600 

Double Slip Switch (one end), Model 2 switch mariiine 

(F«(. 175), 1200 
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Double Slip Switch (one aid), Model 4 switch machiae 

(Pig. 172), 1800 

Movable Point fVos, Model 2 switch machine (Ttsb. 

175, 177) 1600 

Movable Point Fnw, Model 4 switch machine (Figs. 

174, 176). 2000 

The above weights are for switch machines complete 
with tie plat«i, throw rod, lock rod, No. 1 switch rod, mil 
braces, and all necessary bolts, nuts, and cotters. Switch 
connections insulated. Weights for Model 4 switch 
inachine. layouts include switch circuit controller and 
connectibne. We^jkta do Jiot include detector bora. 

Model 2 Switch Machine (Fig. 169), 600 

Model 4 Switch Machine for single switch or deraO 

(Rg. 161), 850 

Mod«d 4 Switch Machine for movable point frog or 

■ double dip switch (Fig. 160), 950 

Dbtbctor Bas Layouts (Crank Connected) 
1 Bar, same ade for Modd 2 or Modd 4 switch machine, 360 

1 Bar, opposite side for Model 2 or Model 4 switch 
machine 460 

2 Bars, for Model 2 or Model 4 switch machine, . . . 770 
1 Bar, for two Model 2 or Model 4 switch machines, . 780 
The above weights for detector bar lavouts are com- 

Elete with all connections and necessary bolts, nuts, etc. 
onnections insulated. 

Signals — RSA Diuensions 

Pipe Bracket Post complete, narrow deck, 3400 

Pipe Bracket Post complete, wide deck, S800 

1 Arm. Ground Signal complete, 22' 6' base to center 
of arm, 1270 

1 Arm Ground Signal complete, 29' 6' base to centv 

of arm 1430 

2 Arm Ground Signal complete, 22' 6' base to center 

of lower arm, 1860 

'■ "£ Arm Ground Signal complete, 28' 6' base to center 

of loww arm 2000 

8 Arm Ground Signal complete, 22' 6' base to center 

of lower ann, 2420 

1 Ann Bracket or Bridge Signal complete, 3' 6' base 
to cent«' of arm, 710 

1 Arm Bracket or Bridge Signal complete, 10' 6' base 

■ to center of arm, 900 

2 Arm Bracket or Bridge Signal complete, S' 6* base 

-- to.center of lower arm, 131'' 
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2 Ann Bracket or Bridge SiguO complete, 9' 6' base 

to centar of lower arm, 1450 

3 Arm Bnicket or Bridge Signal complete, 3' 6' tnse 

to centw of lower arm, 1860 

Tbe above signals complete with mechaniam, ladd«n, 
spectacles, blades, lamp brackets, foundation bolts, etc. 

Cantilever Bracket complete 200 

Dummy Mast, 800 

Fixed Arm complete, 180 

Model 2A, 110 Volt Signal Mechaniam cmnplete, with 
clamp bearing (Fig. 199), 860 

DwARp Signals 

Model2ADwarf Signal complete (fMgs. 204, 205). . . 880 

Modd 2, 1 Arm Dwarf Signal complete (Fig. 207), . . 160 

Modd 2. 2 Arm Dwarf Signal complete (Fig. 206), . . 300 

Model 3, 1 Arm Dwarf Signal complete (Fig. 208), . . 140 
The above signals complete with q>ectacle, blade, 
lamp bracket, foundation bolts, etc. - 

Switch CiBCurF CohtbcoIiBRS 

Model 5, Form A Switch Circuit Controllw (Hk. 186), 60 

Model 8, Switch Circuit Controller, 4 circuits (f%. 185), 40 

Model 8, Switch Circuit Controller, 8 circuits, 60 

Add (or Short Operating Rod, 15 

Add for Long Operating Rod, 26 

Relays and Indicators 

Model 9, D. C. Relay, 4-way (Figs. 228,229) 30 

Model 9, D. C. Relay, 8-way 85 

Model 1, D. C. Relay, not incloeed 30 

Model 1, D. C. Relay, incloaad, 35 

Model 9, Tower Indicator, 4-way (Fig. 230) 80 

Model 9, Tower Indicator, 8-way, 40 

Model 9, Indicator Group, with 4-way indicators 

(Fig, 83), per indicator, 86 

HodelB, Indicator, Group with 8-way indicaton, 

per indicator 46 

Model 2, Form A Polyphase Relay, 4-way (Fig. 236), 66 

Model 2, Form A Polyphase Relay, &;way 70 

Model 2, Model 3, or Model Z, Form B Relay, 4-way 

(Fig. 232), 40 

Model 2, Mode! 3, or Model Z, Form B Relay, &-way, 46 
Model 2, Model 3, or Model Z, Form B Indicating 

Relay, 4-way (Fig. 234) 50 

Model 2. Model 3, or Model Z, Form B Indicating ^ 

'^elay, 6-way . ■ 66 
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Model 2. Model 3, or Model Z, Form B Tower Indi- 
cator (Fig. 283) 

RaLA.Y BoxBB 

1-way Iron Box for D. C, relajra 

2-way Iron Box for D. C. relayB (Fig. 242) 

3-way Iron Box for D. C. relays, 

4-way Iron Box for D. C. relays, 

1-way Wood Box for D. C. refeya, 

2-way Wood Box for D. C. relays (Fig. 248), .... 

3-way Wood Box for D. C. relays 

1-way WoodBoxforHodel2FomiArdayB, 

2-wsy Wood Box for Model 2 Form A relays (Fig. 241), 

3-way WoodBoxforModel2 Form Ardaya, 

The above boxes complete with terminal board and 
U bolts or bracket for mounting on stub pcde. 

Add for mounting on signal mast 

Posts for mounting relay box on foundation, .... 
Post for mounting relay box on battery chute, .... 

Battbry Chutes (Page 292) 
6-ft. Single Battery Chute, complete with elevatcH', . 
7-ft. Single Battoy Chute, complete with elevator, . 
8-ft. Single Battery Chute, complete with devator, . 
9-ft. Single Battery Chute, complet« with elevator, . 
t-tt. Double Batt«7 Chute, complete with devatOT, 
9^. Double Battery Chute, complete with elevator, 

lUPEDANCE Bonds 

Size 1, Form C Bond (Fig. 91), per single bond, ... 610 

Size 2, Form B Bond [Fig. 92), pa- dngle bond, . . . ^0 

Sizes, Form A Bond (Fig. 92), per single bond, ... 250 

Tkunkino, Stakes, and Junction Boxes (Figs. 270, 271) 
3' X 4' Trunking with (tapping, pine, per 1,000 lineal 

feet, 5800 

3' X 4' Trunking with Capping, cedar, per 1,000 lineal 

feet, 8000 

Built-tfpTrunking, pine, per 1,000 feet. B.M 8850 

Built-up Trunking, cedar, per 1,000 feet, B. M., . . . 1900 

Oak Stakes, 3° X 4* X 8' 0' (square end) 10 

Oak Stakes, 3" x 4' x 4' 0' (square end),' 15 

Cedar Stakes, 4' diameter x 3' 0' (pointed), 10 

Cedar Stakes, 4' diameter X 3' 6* (pointed), 10 

Junction Box, inside dimensiona, ibW x 15^ x 11*, . 40 
Junction Box, inside dimensions, 16' x 16* x 20*, . . 60 
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HANDBOOK 869 

COMPLETE UST OF MAINTENANCE TOOLS 
REQUIRED AT ELECTRIC INTER- 
LOCKING PLANTS 

Blacksmith Tools 
1 AuvU. 
1 Forgo. 

1 Set of tools, including 10 pound hammer, cold cutter and 
%." punch, 

Caspentbrs Tools 
I 18" square. 
1 Jack plane. 
1 Brace with set of bits. 
1 *%■' angle lip car bit 14' long. 
1 %" wood chisel. 
1 26' No. 9 hand saw. 
1 Hand aze. 
1 Adze. 
1 Claw hammer. 

Electrical Tooia 
le fumai 

1 SmaUa. „ .. 

2 Screw drivers, 6° and 10'. 
1 Aligator pliers, 8'. 
1 Side^uttmp pliers, 7'. 
1 Contact adjuster. 

1 Binding-post wrench. 

2 Socket wrenches for ■4" hexagon nut. 
1 Wrench for signal circuit breaker. 
1 Qrank for switch motor. 
1 Hydromotor, 
1 Portable volt^tmmeter. 
1 Solid wrench for %' hexagon nuts. 

Line Circuit Tools 
1 Belt with safety. 
1 Pair 16" climbra^. 

1 "Come along" with blocks. 

2 Connectors. 

Pipe Tooi^ 
(For pipe connected detector bars.) 

1 Stilaon wrench, 

2 Pipe rivet punches. 
1 Pipe cutter, 
1 Stock with 1" right-hand dies. 

Switch Fitfing Tooia 
1 Machinist hammw. 
1 Cento* punch. Goc^lc 
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2 Cold chiaeU. 

1 12' tommy bar — bent on both ends. 

1 2V toramy bar — bent on chisel end only. 

1 Fack» ratfibet with ^Vin' and ^H*' drill. 

1 "Old nun " for drilling r&il. 

2 Switch-sdjustinK wrencbea. 

8 Two-man T " socket wrenches for %' square and hexagon 

nut, and Vi,' lag aerews. 
2 "T" socket wrenches for %' and ^' lag BcrewH. 
4 Solid "S" wrenches for K* and %' bolts with square or 

hexagon nut. 
1 Solid wrench for detector bar cUps. 

1 14* Honk^ wroich. 

2 Reamers, %' and W. 
1 14* Stilson wrench. 

1 6' Westcott wrench. 

4 Files: one-14* flat bastard, one-10* flat smooth, OBe-12' 

half-round bastard, one-12* round. 
4 Files: two-6' rat tail, two saw files. 

Track Toou 
1 Spike maul. 
1 Spike puller. 
1 Ckw bar. 
1 Track wrench. 
1 Track shovel. 
1 Bam broom. 
1 Railroad pick. 

TftACK-ClKCUtT TOOI£ 

1 Bonding drill with twelve %3' twist drills. 

2 ChanoeTpins punches. 

1 Channel pin set (slotted). 

Miscellaneous 

1 Workbench with combination vise. 

1 Drill press with drills. 

1 Set taps and dies with stock V*° to 1'. 

1 Breast driU with set of drills H' to H' by 82nds. 

1 Bench emery wheel. 

1 Hack saw, 12 blades. 

1 Large spout oilw ^1 quart). 

1 9' spout oiler (1 pmt). 

1 6" spout oilOT i'A pint). 

2 Water pails. 

1 Canvas tool bag. 
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MODEL 1 FORM A LIGHTNING ARRESTER 
F«. 276 illustrates the G. R. S. Co.'a Model I Form A lights 
tting arrester, designed for use on signal, telegraph, tel^hone, 
croKring alann circuits, etc. 

The arrester has a high efficiency, i. e., a b^h reactance 
and negligible olimic resistance. This h^h reactance b 
maintainea under all conditions of frequency and current 
owing to the bet that no iron b used in tne core of the react- 
ance coil. 

The arrester is small {^W4' x 4%' x 4W«") and may be assem- 
bled in banks on one inch 
ceaters. Connectors between 
the ground plates are provided, 
whicn form a buss bar of ample 
carrying capacity, thereby mak- 
ing requisite but one groimd 
connection for any number of 
arresters. Multiple point dis- 

1 charge plates are provided 
instead of the single point type 
or one having a circular sur- 
face. The parts used in the 
-^B arrester construction are few, 
^ none of them being delicate 
or easily broken. The con- 
nections are all in front, thus 
allowii^c it to be easily Installed 
and inspected. 

The Model 1 Form A usea 
the same component parts as 
the Model 1 arrester, thou- 
sands of which are at the 




. — I 1 k ^ I present time in service, many 

[<t) I I Bill lllllfl l ©raa of them showing evidence of 
V^ I *■ ' 'I / * having taken care of heavy 

Fio. 278. UoDBL 1 Form A discharges without injury ra- 
LiQHTNiHa AHBiHTiBa sultlng to the arrester or the 

protected apparatus. 
The arresters should be grounded through two No. 8 
B. & S. gauge copper wires, insulated above ttie ground. 
The wires should be wrapped around and soldered to a gal- 
vanized ground rod. not less than one inch in diameter, driven 
eight feet into the ground. 
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akiaft the teat m 

evtT, tbat a variable nautance be lued if availsble. 
than that iudicBted ii lUed. tha tbjieh ot the voltniBtei 
unit employed will have to be increased aocoidinfily, 

PULLEYS AND GEARS 
When it ie desired to secure single reduction or increase of 

Seed by means of belting, the apeed at which each shaft 
ould run and the diameter of one pullev being known, 
multiply the diameter of the known pulley oy the speed in 
revolutions per minute of its shaft and divide this product by 
the speed in revolutions per minute of the second shaft; tte 
result is the desired diameter of the second pulley. 

When the diameter of both pulleys and the speed of one 
shaft is known, multiply the speed ot that shaft by the diame- 
ter of its pulley and divide this product by the diameter erf 
the pulley on the other shaft; the result is the speed at which 
the second shaft will be run. 
Let D =diameter of driving pulley, 
d —diameter of driven pulley. 

S = number ot revolutions per minute ot driving shaft. 

s —number of revolutions per minute of driven shaft. 

Then the above may be expressed by the following formula: 

Where a counter-shaft ia used, to obtain either use or speed 
of the main driving or driven pulley, calculate as above, 
between the known end of the transmission and the count«<- 
shaft and then repeat this calculation between the counter- 
shaft and the unknown end. 

Gears in mesh transmit speeds in proportion to the number 
of teeth they contain. Count the number of teeth in the (tear- 
ing and substitute this Quantity for the diameter of the pml^a 
— intioned above, in oraer to ootain the number of teeth to be 
'u unknown gear or speed of the second shaft. 
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WIDTHS OF BELTING PER HORSE POWER 
A rule commonly used for determining the width of belting 
is that "single" belt will transmit 1 H. P. for eacb inch in 
width at a speed of 1,000 feet per minute. If the speed ia 
greater or less the pow«- transmitted is correBpondingly 
mcrmsed or decreased. 

The rule m&y be stated as follows: 
„ p w X d X rpm w v 
3820 1000 

In which w "width of belt in inches. 

d^ diameter of pulley in inches. 

V— velocity of belt in feet per minute. 

rpm —revolutions per minute. 

This is based on a working tension of 30 pounds per inch of 

width of belt. ManV writers give as a safe practice for single 

belts in good condition a working tension of 45 pounds per 

inch of width, which formula gives a permissible increase in 

transmitted horse power of 60 per cent, over the formula 

^ w X d X rpm 
"■ 3820 

For "double" belts of averse thickness, the transmittii^ 
^ciency is contdd^«d as 10 to 7 compared to the single belt- 
ingdiscussed above. 

These formulas are based on the simposition that the arc of 
contact between belt and pulley is 180 d^rees. For other arcs 
the tranamittiitg pow« is approximatdy proportional to the 
ratio of the degrees of arc of contact to ISO degrees. 



TABLE 


FOR DETERMINING WIDTH 


OF BELTUJO 




WIOTB 


or BiuriH 


iHcna 1 


























H.P. 


B.P. 


H. P. 


H.P. 


H.V. 


SOO 




1 6 


2 


2 6 


3 


1000 
ISOO 




46 


8 


7.6 


e 


2000 




a 




10 


12 


2600 






10 


12.8 


16 


3000 




e 




16 


18 


3600 








17.6 




1000 




12 


18 


20 


24 


4S00 




13.5 


18 


22.5 


27 


6O0O 


10 


15 


20 


26 


30 



GBNIBUL RAILWAY 8IOHAL OCOIPANV 



cuinference of the pulkv, and the pow^ increased in the pro- 
portion referred to in the preceding paragraph. Beat results 
are secured by ruiming belt juat tight enough to pravoit 
■lipping at sonnal load. 



PAINTING 
sxthaitis from r. 8. a. specifications for electric 
ikterloceinq (ibio) 
800. Paint 
Fiadieort. 

(b) Surfaces covered with rust, grease, dirt, or other 
foragn BubBtancee, shall be thoroughly cleaned before 
paiBt or oil ia applied. 

(«) Paint shall not be applied to outedde Buifaces in 
freezing weatho', nor to wet surfaces, nor until previous 
coatinK has thoroughly dried. 

(d) Finishing coats shall not be applied until aiUx the 
expiration of lorty-^ght (48) hours after the previous 
costing has beea applied. 

(e) Paints mixed on the ground shall be apt>lied within 
three (3) hours-after the pigment and oil are mixed. 

(/) Pnmiug coats shall be applied as soon as is eon- 
Kstent with the prepress of tbe work. 

(jl) Second coat shall be applied in sufficient time for 
the third coat to be applied and diy when the installation 
is completed. 

810. Iron Work 

(a) Iron work (exc^t machine, tie plates, and iron 
foundation pitn) not galvanized shall be pidnted one (1) 
coat of red lead and raw linseed oil and two (2) Sniping 
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NOTB. — The coTCrioB capacity of paint depends largely on t 
ot the aurtace being finuhed, the handlins of Uw Bood* by the 
tbe temptimture of the nirfaee punted. Tbe abore Gsima i 
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RAIL SECTIONS 
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BOND WIRES AND CHANNEL PIN!^ 

Diiiinm bcknr ^vca the utual Dumber of bond ^X* Track 

— uid cbKUrtl pioi required ("- ' — ■■■ — ■ ' ■ 

nJl.) for ^^- 
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TABLES OF WEIGHTS AND MEASURES 
, Linear Measure 

12 inches (in.), .... -1 toot (ft.) 

8 feet. -lyard (yd.) 

5.5 yards, '-lrod(m.) 

40 rods, — 1 furlong (fur.) 

8 furlongs, ^1 mile (mi.) 

1 mi. -8 tur.-320 rodB=1760 yd. = 5280 ft. -63,360 in. 

Square Measure 
144 aquareinches(sq.in,), ^1 square foot (sq. ft.) 

square feet =1 square yard (aq. yd.) 

' 'sq. rd.) 



30^ square yards ■• 1 square rod (sq. i 

160 square rods, .... —1 acre (A) 

640 acres, =1 square mile (sq. mi.) 

1 so. mi. = 640 acres-102,400 sq. rd.-3,097,600 sq. yd.- 
27,878.400 sq. ft. -4.014,489,600 sq. in. 

Cubic Measure 
1,728 cubic inches (cu. in.), —1 cubic foot (cu. ft.) 

27 cubic feet. —1 cubic yard (cu. yd.) 

128 cubic feet -lcord(pd.) 

24% cubic feet, -1 perch (P.) 

1 cu. yd.-27 cu. ft.-46,656 cu. in. 

Measures of Angles or Arcs 
60 seconds ('). .... —1 minute (') 

60 minutes, — 1 degree (°) 

90 degrees, ..,...— 1 rignt angle or quadrant ( □ 

360 degrees, - 1 circle (cir.) 

1 cir. -360* =21,600' - 1,296,000'. 

Avoirdupois Weight 

437.5graina (gr.) — lounce(oz.) 

16 ounces -1 pound (lb.) 

100 pounds, —1 hundredweight (cwt.) 

20 cwt. or 2,000 lb., . . -lton(T.) 
1 T. -20 ewt. =2,000 lb. =32.000 oz. - 14,000.000 gr. 
The aToirdupoia pound contains 7.000 grains. 

Dry Measure, 



pints (pt.), =1 quart (qt.) 

quarts. - 1 peck (pk.) 

pecks. =1 bushel (bu.) 



8 quarts. - 1 peck ^pk.) 

1 bu.''4 pk.*=32qt. — 64 pt. 
The U. S. struck bushel contains 2,150.42 cubic inches' 



44 cubic feet. By law, its dimensions are those of a 
ier 18^ Inches m diameter and 8 inches de«p. The 
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heaped bushel is equal to lU struck faushela, the cone being 
six iDcfaea high, rbe dry gallon contains 26S.8 cubic inches, 
being ^ of a atnick bushel. 

For approximations, the bushel may be taken at W* cubic 
feet, or a cubic foot may be considered % of a bushel. 

The British bushel contains 2,218.19 mibic inche8-1.2837 
cubic feet-1.032 U. S. bushels. 

Liquid Urabure 

4 gills (gi.), -lpint(pt.) 

2 pints, —1 quart (qt.) 

4 quarts ^1 radlon (gal.) 

31Wi pallons, -1 Barrel (Bbl.) 

2 barrelB ^1 hcwshead (hhd.) 

1 hhd.-2 bbl.-63 gal. -252 qt.-50rpt.-2,016 gi. 

The U. S. gallon contains 231 cubic inches— .134 cubic feet 
approximate; or 1 cubic foot contains 7.481 gallons. The fol- 
lowing cylinders contain the given measures very closely: 

Diam. Height i Diam. Hdeht 

Gill l%in. 3 in. Gallon,- . 7 in. 6 in. 

Pint 31^ in. Sin. 8 gallons, . 14 in. 12 in. 

Quart 3Hi in. 6 in. | 10 gaUons, . 14 in. 15 in. 

When water is at its maxiinum density, 1 cubic foot 
wdghB 62.425 ^iounds and 1 gallon weighs 8.345 pounds. 

For approximations. 1 cubic foot of water is considered 
equal to 1% gallonH and 1 gallon as weighing 8^ pounds. 

The Britiafi Imperial gallon, both liquid and dry, contains 
277.274 cubic inches =.16046 cubic feet, and is equivalent to 
the volume of 10 pounds of pure water at 62 degrees Fahr. 
To reduce British to U. S. liquid gallons, multiply by 1,2. Con- 
versely, to convert U. S. into British liquid gallons, divide 
by 1.2; or, increase the number of gallons H. 





MiscEUANEOus Table 
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FRENCH OR METRIC MEASURE 
The metric unit of len^h is the metre •^39.37 incfaee. 
The metric unit of weight is the |ram '=15.432 grains. 
The foUowing prefixes are used lor subdiviaioos and multi- 

e-aa: ffilli=l/1000, Centi-1/100, Deci-1/10, Deca-10, 
ecto-100. Kilo-1000, Myria-10,000. 



FRENCH EQUIVALENTS OF AMERICAN AND 
BRITISH MEASURE 

HSASURES OF LENOTH 

French BriUsh and U. S. 

(89.37 inches 

1 metre -^ ^ or 3.2S0S3 feet 

( or 1.09361 yards 

,3048 metre, -1 foot 

1 centimetre, — .8937 inch 

2.64 centinietrea —1 inch 

, „;,.; ^„ _ i .03937 inch, or 

1 milhmetre. " UAB »eh, Aearly 

25.4 millimetres, — 1 inch 

1 ui,..»..»» _ i 1093.61 yards or 

1 kilometre, " j 0.62137 iule 



Mbasures of Surface 



French 

1 square metre, .... 
.836 square metre, ... 
.0929 square metre, .... 

1 square centimetre, . , 
6.452 aquare centimetres, . 

1 square millimetre, . . 
646.2 square millimetrea, . 

1 centiare — 1 square mi 

1 are^l square decametre, . 

1 hectare— 100 area, . . 



1 square kilometre, . 
1 square myriametre, , 

■billed bv p'rmi"ion from " Kenf I Mtchaniatl Engii 



British and U. S. 
_ ( 10.764 square feet 
"" ( 1.196 square yards 
^ 1 square yard 
= 1 square foot 
= ,155 square inch. 
" 1 square inch 
^ t .00155 square inch 

\ 1973.5 circular mils. 
=^ 1 square inch 
= 10.764 square feet 
-1076.41 square feet 

I 107641 square feet 

I 2.4711 acres 

/ .386109 square mile 

1247.11 acres 
-38.6109 square miles 



'■ Poehgl Boot." 



1 cubic metre, 



1 litre = 1 cubic decimetre, 



emcteic inthhlocgtnq handbook 89 

Measureb of Voluwb 
French BriHsh and U. S. 

i 35.314 cubic feet 
} 1.308 cubic yards 

.7645 cubic metre — 1 cubic yard 

.02S32 cubic metre. -1 cubic foot 

1 cubic decimetre 

28.32 cubic decimetres, ~1 cubic foot 

1 cubic centimetre —.061 cubic inch 

16.387 cubic centimetreH, —1 cubic inch 

1 cubic centimetre =1 millilitre, —.061 cubic inch 

1 centilitre, =.610 cubic inch 

1 decilitre, —6.102 cubic inches 

I 61.023 cubic inches 
U-06671 quarts, U.S. 

ih«wto„d„i».,e, . . . -]i;iJt£Ei%.s. 

1 «sre,kllolltr<,.or cubic «.Mr,.-{l£»§jJ«;J^*'s 

Measures of CAFAcrry 
Freiwh Bri(teA and U. S. 

"61.023 cubic inches 
.03531 cubic foot 
1 litre (1 cubic decimetre), - = -j .2642 gallon (Am.) 
2.202 pounds of 
I water at 62*" Fahr. 

28.317 litres — 1 cubic foot 

4.54S litres, = 1 gallon (British) 

3.786 litres, —1 gallon (American) 

Measures of Weight 
Frenek Briiiak and U. S. 

1 gramme, =^ 15.432 grains 

.0648 gramme, =1 grain 

28.35 grammes, =■ 1 ounce avoirdupois 

1 Kilogramme, —2.2046 pounds 

.4536 kilogramme, =1 pound 

r.9842 ton of 2,240 
1 tonne or metric ton, J pounds 

1,000 kilogrammes =1 19.68 cwts. 

12204.6 pounds 
1.016 metric tons, = ( 1 ton of 2,240 

1,016 kilogrammes, — i pounds 
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APPENDIX 



REPRINT OF PREFACE 
From Catalogue No. 1 (1902), Tanlor Signal Company, Buffalo, 
N. Y. Taylor Signal Company acquired by the General Ra^ 
Kay Signal Company in 1904. 

IN the last few yean there has been n phenomenal increase 
in tonnage hauled on American Tauways, neceaaitating 
the purctafle of more and better engines and cars of larger 
capacily, equip"' ""'''" "" ■"""' -'-■- ' -- " 

mouB sums have bet 

down grades, layii^ , ^ 

ddin^ps. and providing improved terminal facilities. But, 
notwitnstanding all these improvements, many lines find it 
itnp<isaible to trandle their business vith sufficient dispatch to 
avoid cot^eetion. This feet has led many progreseive Ameri- 
can railway managers to realize that if they are to secure the 
best and most economical returns from the great expenditures 
made for motive power, car equipment, and traclw, suitable 
means must be provided to enable their trains to move with a 
minimum of demyn and a maximum of safety; and this can 
only be realized when train orders are supplanted by an up-to- 
date block system and hand operated switches by a modmi 
system of interlocking. 

The very highest development of the art of signaling has 
been reached in this country, but no American railway is nearly 
so thoroughly equipped witn signaling as is the average Eoglisn 

This lack of signal equipment will be better comprehended 

1 the London and 
service in 1869; fourteen 
« on that line alone 13,000 
levers. At the same date there was not a single interlocking 
plant In use In the United States, the first plant in this counlay 
having been installed in the year 1874 by Heears. Toucy and 
Buchiuian at Spuyten Di^vil Junction, in New York Q\ty. 

At the present time (1902) there are in use on the 1,800 
miles of Ime of the London and Northwestern Railway ap- 
proximately 36,000 interlocked levers, or an average of about 
twenty levers per mile of line, whereas there are only about 
40.000 in use on all lines of the United States, or, approxi- 
mately, one lever to five miles of line, or about 1 'ptsr coit. 
of the number of levers per mile used on the London and 
Northwestern Railway. 

When it is remonbered that probably more than one-half 
of the interlocked levws in use m this country are at grade 
crossings, leaving fewer than 20,000 levers used for station, 
yard ^d terminal work, whereas practically the entire 36,000 
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on the L. ft N. W. sre uaed for auch woric alone, it will be recog- 
nized that American railways are in geneial very pooriy pn>. 
vided with modern signal appliances. In fact, tba% is probab^ 
tc>-day not a siogle American railway that is nearly ao thor- 
oughly equipped as the London and Northwest^ii was twenty 
seven years ago, thoi^h, as might be expected, the devices in 
use on American lines having properly oi^nized signal depait- 
ments, capable of making suitable specifications, compare 
favorably with the best in use on European lines and, in nu- 
merous instances, lai^e power plajits are in use which are supe- 
rior to anything ever devised abroad. 

There can be no question as to the inability of most of our 
railways to move their trains with proper safety and di^atch 
during times when traffic is heavy; no competent railway 
operating officer doubts that proper systems of si gnaling would 
^eatly aid in the safer and more rapid movement of trains 
and, while there are probably few American railway men 
who recognize fully how very far behind the best European 
lines our unes are in respect to the completeness of their agnal 
equipment, this is becoming better understood every year 
and there is reason to believe that our moat progressive unes 
will not much longer continue to limit the applications of 
interlocking to the protection of grade crossings with ha« 
and there a junction or yaxd plant. 

Such beinz the case, it ia probable that more ai gnpling will 
be done iq tne near future than has ever before been done in 
this country and American railway managers will, therefore. 
find it greatly to tb^ advantage to give serious consideration 
to the determination of what system of interlocking they can 
best use. 

The earliest ^stem employed and that in most genaal use 
at this time ia the ao-called "mechanical interlocking" in 
which the switches or signals are manually worked by means 
of interlocked levtrs connected with them by pipe or wire linea. 

When properly installed, this tystem has given sadsfactcffy 
results; out, unfortunately, in the effort of railway men to 
secure cheap appliances and in the stress of conipetitioa be- 
tween the various manufacturers of aignalii^ devices, a great 
many of the installations made in this country are very imper- 
fect and unsafe. 

E^erieoce has shown that, in order to secure a reasonable 
degree of safety, it is absolutely essential that the following 
requirements be met : 

All derails, movable point frogs, locks, switches and home 
signals should be worked by pipe; no signal should be worked 
bv a sii^e wire; aU pipe and wire lines should be automatic- 
ally compensated; all derails, movable point troga and facmg 
pomt switches ^ould be provided with duplex facing point 
locks; all cranks and pipe compensators should be fixed on 
strong foundations set in beat quality concrete; no facing 
point switch more than 600 feet frtnn the tower ^lould b« 
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taken into the ^Htem; no lever should be overioaded bjr 
putting on it suen & aumber of switches and bsrs as to pre- 
vent a man of avo^e strength from throwing it with one 



berai recognized by American railway operating officials that 
this eyateni has inliCTent defects that render it, under certain 
conditions, unsafe. For example, in the event of the breakage 
of a pipe or wire operBtii% a signal, there can be no absolute 
assurance that such breakage will be known by the levennan 
or that such signal will occupy a position corresponding with 
that of its lever or that it wiU not indicate "line clear" when, 
its leva- being ncvmal, anothv and opposing; signal is set at 
"line clear." 

The fatigue incident to working mechanical levera is vay 
great, so that it is frequently neceaaary to employ three eight-- 
hinir levermen for a comparativdy small plant where the 
number of lever movements is considaable; if the plant is 
vtry large, it is sometimes necessary to employ as many as 
ei^t men on each of three shifts. 

lioreover, under certain conditions it is veiv costiv to operate 
mtch a system. For example, in cases wnere tne distance 
between the extreme switches to be operated is over 1,600 
feet, it a generally necessary to provide two mechanical inter- 
locking towers, each with its own set of levermen, as it is 
neither safe nor practicable to work such switches from one 
tower. It is inUrestlne to note in thie connection that under 
the English Board of Trade requirements, which are wisely 



nwy pip 
are not sufficiently strong or safe and many English lint 
employ a steel channel section, cut to eighteen foot lengths and 
jointed by means of fish plates secured by six one-half inch 
bolta,. this construction admitting of ready detection of rods 
weakaned bj* corrosion and of their easy removal. 

In order to overcome these and otho" disadvantages inherent 
in systems of mechanical interlockinK, the ''pneumatic system " 
was devised by Mr. George Westinghouse, Jr., the first working 
installation having been made at tne crossing of the P. and R. 
and L. V. Railwaj^, near Bound Brook, N. J., in 1884. 

At the present time two varieties of this system are in use, 
one, popularly known as the "electro-pneumatic," in which 
air compressed to a working pressure of about sixty pounds 
is employed for moving switches and signals and in which the 
release locking is ^ected by electro-magnetic means; and the 
other, populsjny known as the "low pressure pneumatic," in 
which air at a pressure of about twenty pounds is used for 
operation and m which compressed air «Aects the release 
locking. 
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Some of th« advuitageii cbumed tor Uub system are as 
follows: 

The sbUity to opente switches uid mKnals at any desired 
distance bom the cabin ; that switches are actually required 
to be moved and securely locked in the prop«r poaibon oetoK 
a signal Eoverning traffic ov^ than can be cleared ; that each 
ognal, wnen cleared, automatically locks the lever op^ittin^ it 
in such manner as to prevoit the rdease of lerers controllmg 
conffictinK signals ana switches, until such sigmd has been 
again placed completely at danger, thus effectuaU;r providing 
a^;ainat the simultaneous display of two conflictug clear 
signals; that, there being no moving parts between cabin 
and switches and signals, wear of mecfaamsm, lost motion and 
the troublesome and dangerous effects of expansion and con- 
traction of mechanically operated pipes and wires are all 
eliminated ; that much less room is required tor leadout con- 
neetdons than in a mechanical plant and much valuable space 
is thereby saved; that cabins of much smallo- and lighter 
design are used ; that the operation of the machine requires so 
little physical exertion that one man can do the wiwk that 
would in a mechanical plant require three or four. 

Th^e can be no doubt that both varieties of the pneumatic 
^stem are far better adapted for the working of Isj^ plants 
than the mechanical as both largely fulfill tne claims above 
rrierred to. 

It is, however, found tiiat in the electro«neumatic system 
a cross between the release locking (commonly known as indi- 
cation") wire and the common return wire (or ground), will 
have the same effect as would the closing of the indication cir- 
cuit in the proper manner, thus giving a false indication, which 
in view of the fact that the safety of an^ power interlockii^ 
d^iends upon the reliability of its indications, is lughl^ objec- 
tionable. It is also found that where the indication is given 
by means of compressed air the release locking is ottea effected 
very slowly in cases where switches or signals are located at a 
considerable distance from the tower and this, at a busy plant, 
is also very objectionable. 

Another disadvantage of the low pressure pneumatic ^stem 
is that if a switch, meeting any obstruction, fails to complete 
its movement and to give mdication, it is necessaiy either for 
a repairman to go immediately to the switch and opoate it 
bv hand or for the ievcoman to force the indication, which is 
often done and is evidently dangerous. Thus, in one style of 
the pneumatic system there is the defect due to possibility of 
false indication and in the oth«a' the defect due to slow indi- 
cation and to inability to reverse a switch which has not fully 
completed its movement. Some other disadvantages of the 
pneumatic systema are as follows: 

Liability to freezing of pipes and valves in extreme cold 
weather; high cost of furnishing power; danger rf throwing 
Tiear switches under trains when, owing to extreme cold 
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weather, it is neceesarv to maintain higher than normal pre»- 
eures in order to be able to work switches forthest from tower; 
high cost of maintenance owing to rapid deterioration of iron 
pipe lines placed underground and subjected to action of 
TuiouB aalts and alkalies found in soil and to electrolytic 
action from electric railway and lighting circuits; difficult? 
and cost of locating leaks and breaks m pipe lines under ground; 
extremely high cost of installing and operating medium sized 
and small p^nts or a small number of switches or signals 
located at a considsable distance &>om the tower in a large 

To' overcome these and other objectionable features of the 
pneumatic system, the "electric" system was devised. 

This system, the invention of Mr. John D. Tyrlor of Chilli- 
cothe, Ohio, was first installed by him on the B. & O. S. W. 
R'y at East Norwood, near Cincinnati, Ohio, in 1891; in 
1S93 certain improvements were introduced by him in the 
metjiods of giving indications, the installation remaining 
otherwise as originally made. For some years afte- 1893, 
onlv a few small instanationB were made hy Mr. Ta^lc owing 
to lack of sufficient capital to develop his inventions on a 
large scale, but in May, 1900, the Taylor Signal Company was 
or^nized in Buffalo, N. Y., and since that time a great number 
of mstallations, varying in size from the equivalent of 6 to 225 
mechanical levers, have been made on important lines erf 
railway in the United States and Europe. 

In the Taylor (G. R. S.) electric system, switches and signals 
are operated by means of electric motors, the current for 



engine. The release locking is effected by an electro-magnetic 
device placed under each mterlocking lever and actuated by 
a dsTiamic current furnished by the switch or signal motw 
controlled by such lever. wJt«Tt and ojiiy when a ewfiteh hag 
moved to a povUwn a)rrespondii%g with, that of the lever and is 
boU locked in that position or tehen a signal arm haa moved to its 
fuU danger jMsition. Crosses between an indication wire and 
common return wire (or ground) or an^ other wire of the 
system, can at worst only prevent the giving of indication and 
cannot by any poasibilitj^ result in the giving of a false clear 
indication as can occur in other systems employii^ electro- 
magnetic indications. Moreover, in this system, indications 
are given in»tanianeoiuly upon completion of locking of switch 
or ot movement of signal to its stop position, irrespective of 
the distance of such switch or signal from the tower, thus 
effecting a great saving in the time required by any system 
unng pneumatic indications, to set up a route. 

If, when a switch is thrown, it fails to complete its move- 
ment owing to some obstruction between point and stock 
rail, or for any cause whatever, the switch can be restored by 
the leverman to its original podtion and another ^ort cs' 
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be made to perfurm the denred movement, ofttiinea thus 
avoiding the necenity, so fivquently met with in the low 
preBsura pneumatic tyatem, of sending a man out to throw 
the switch bf hand or of forcing the indication. 
The electric is the only power system that can 

totily empliqred for the operatjon of plants having t. 

number m switches and ai^ials. It is in service wh^ as few 
as six working levers are employed and is perfectly adapted 
f<M- use at all juncticns, crossings, drawbridges, tunnels, sta- 
tions, yards, pasmng sidings, etc., where the distance between 
extreme switches or sigi^ls is greater than can be safely 
covered with a mechanic plant, even though there be otdy a 
very few signals and switches to be operated. For example, 
consider the two followmg diagrams, the first one showing 
arraneranent of passing sidingB on a single track and the other 
on a double tracK tine: 




(GRSI9I3) 



On a few of the best signaled American railways the switches 
and dgnals immediately adjacent to the station A or B, would 
be worlied by a mechanics interloctdng plant, but owing to 
the great cost of operating an additionalmechanical intalock- 
ing plant at each oi the extreme switches and the prohibitive 
cost of putting in a pneumatic power system by which all the 
switches and signals could be worked from the station, the 
inlet switches are left to be worked by the trainmen, necessi- 
tating tlie stopping of their trains; and if, as sometiines 
happens, such stopiMLge occurs on a bad giade, heavy trains 
may break in two in starting up. Every practical railway 
man will at once recognize Uie tremendous advantage tlmt 
- —dd be gained if these extreme switches, ttwethes- with their 
■V signals, could be safety and economically wmrked frcm 
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the Btataon, thoeby enabUng ti&ins to pan onto and ont <rf 
passiiig Bidinga at speed and in absohiie aafetf. With the 
Taylor (G. R. S.) dectrie ^Bton this can be effected at a rda- 
tively smaU cost, and, in conjunction with a system (tf auto- 
matic, electric, track circuit block dgnala in uae on the iK>en 
road, where toere are no switches, this forms the ideal lock 
and Uock system and one, whicb we believe is destined to 
replace all others both In this country and in Eunqte. 

In the electric system, the cost of producing povtx for the 
operation of switches and signals rarely or nevo* exceeds 
1 per CKit. of the cost in any other pow^ system doing an 
equal amonnt of wcrk. For example, if in a system unng 
- -~ipressed air, the cost of coal and services of taea ^nployed 

... . , .„„ I... monti, the toHiI cost 

- ■ "the 
ollars monthlv 

be interestine tt 

South_£n^ewood Taylor (G. R. S.) int^ockin^ plant on the 



in running power plant b 400 dollars per month, the tond c 
of producmg poira- fca- an electric plant doing precisdv 
same work will rardy or never enieed four dolltu^ monthly. 
In this connection it will be interestine to note that at 
South £ndewood Tavlor (G. R. S.) inte^ocking plant on the 
C, R. I. & P. R. R., where the average daily numbw" of switehea 



sixty-eight ^Jlons in eis[hty-six days, or one gallon for 2,845 
switeh and asnal operations. At Sixteenth and Clark streets, 
Chicago, Taylor (G. R. S.) iaterlockii^ plant at the crossiiw 
of the St. Charies Air Line with the C. R. I. & P. and L. S. £ 
U. S. R'ys, where the movemmt exceeds 600 trains daily, the 
consumption <tf gasoline during 153 days was 222 gallons for 
642,600 switch and droal movements or 2,894 per gallon or 
about 826 movenents fw one cent for power. 

The cost of maintenance and rraiemls in an electric plant 
is only a small percentage of the cost in any other power plant. 
This can be readily understood from the fact that more feet of 
electrical conductors are employed in the electro-pneumatic 
system than are used in the l^ylor (G. R. S.) syetem and there 
are all the pneumatic pipes; and, in the low pressure pneu- 
matic system, more feet of iron pipe are used than feet of elec- 
tric conductors in the Taylor (G. R. S.) system, and any one 
having experience with the rapid deterioration of iron pipes 
placed in the soils found about railways and subject to elec- 
trolysis, will have no difficulty in undostanding how much 
shorter lived these underground pipes will be than well insulated 
copper wires placed in a suitable conduit above grotmd. Nor 
is It hard to undavtand how much mon difficult and costly it 
will be to make r^mirs to such pipe placed several feet under.i 
ground than it will be to repair a break or leak in a wire placed 
m a suitable conduit above ground. 

In this connection, it is interesting to note that the B. & O. 
3. W. R. R., which was the first to install the Tajior (G. R. S.) 
system, has found it for cheaper to maintain than an ordinary 
mechanical plant, and this is particularly true where, through 
change in grade (H" alignment of tracks, any changes are 
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required in the intxrioddng ptant, such changea bung many 
times more cost); in any other syntem than in the Taylor 
(G. R. S.) electric. Uonover, with the improved devices and 
methods of installation now used in this eyeton, a far b^ter 
showing will be madet 

The operation of the dectrie system is absolutely unaSeeted 
b^ change in tempetature, wheraas pneumatie systema aome- 
tmiee experience BOima difficultiee owing to condeaisatitMi 
and freesing of moisture eonttuned in the comprewed air, by 
which the mechanism becomes clogged and its wiHidng pre- 
vented. 

Even where the working is not absolutely prevented under 
these conditions, it frequently becomes oecessaiy to raise the 
pressure so hish in (hx1» to compensate tor Umm in pressure 
at distant switches, that there is danger of throwing near 
switches unda- train, in case leverman makes an improper 
movemait at such a time, as it is certain that as raiKally 
installed, detector bar connections are not suffidentJy strong 
to reaiit any considoable increase above the nMmal wcH-ldng 
pressure in a pneumatic plant. It ts therefM^ doubtful 
whether, durii% extreme cold weathn, it is ever safe to attcsnpt 



located so for from the tower as to require any ii 

normal working pressure. Unquestionably, the safw [mtctice, 
at such times, is to tempoiarily abandon tne working of such 
switches and signals, as is often done, though this, ctf course, 
causes much troublesome delay and eq>enae. 

In the electric eyBUxa no such condition exists, as the 
"electric pressure" is exactly the same on the switch w signal 
motor tooited at a distance of 6,000 feet as on one located 
500 feet from the tower; moreover, the sySttan is so arranged 
that the throwing of a switch lever while train is ovtr the 
switch would cause the blowing of a fuse on the machine, 
thereby opening the circuit. 

In the fore^oiiw; statement no effort has been made to de- 
scribe in detail the appliances and circuits ^nployed in the 
'Taylor (G. R. S.) electric system of intolocking i our object 
has been solely to point out the need of signal equipment on 
American railways and to state, without prejudice, the prin- 
cipal meriti and defects of the seveiat int^locldng svstems at 
present employed, in ord^ to aid such railway officials as have 
not had opportunity to ecquaint themselves with the facts 
above set forth to make an intelligent comparison between 
soch systems. 

The Taylor (G. R. S.) electric system ia in the fullest accord 
with modem engineerii^ practice which has shown, after years 
of experiment, that tranBtnisHion of powBC to a distance can 
be more satisfactorily accomplished by means of electricity 
than by any other agency and, while there ia no reason to 
^oubt that this system will be improved in the future as in 
past, we feel warranted in claiming at the pres^it tiise 
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that it repreeents the very highest devdopmait of the art of 
wgnaling. embodying features of aafety, economy and ^eral 
applicability not possessed by any other system in use in this 
countrr or abroad. 

Taylor Signal Company. 
(Gesneral Railway Signal Cohpahy.) 



INFORMATION TO BE FURNISHED BY THE 
RAILWAY COMPANY WHEN REQUESTING AN 
ESTIMATE ON ELECTRIC INTERLOCKING 

In order to prepare promptly an accurate estimate on a pro- 
posed installation of electric interlockine, it is necessary tbat 
definite information on certain- items be rumished by the Rail- 
way Company with the request for a proposal. This informa- 
tion can best be covered by a specification tf^ether with 
ca'tain plans. 

It is not necessary for each individual railroad to prepare a 
specification form as the Railway Signal Association adopted, 
in 1910, a very complete specification covering this practice. 
The specification has been prepared by a committee of men, 
actively engaged in railway signal work, and its use is heartily 
recommentfe^ It can be secured by reference to the Manual, 
of the Railway Signal Association issued in 1912. It has, of' 
course, been necessary in drawing up this specification to 
leave optional a number of items, definite information on 
which should be ^ven with each request for an estimate. 
Attention is especially directed to certain points essential 
to the preparation of estimates, covered by sections of the 
qiecifiication as follows: 

3. "DroM»inff8." 

A track plan should be furnished giving very completely the 
information under sulMiaragraph 1. The s^bob which nave 
been adopted by the Railway Signal Association as shown on 
pages 34S to 359 of this Handbook should be used. The infor- 
mation called for in sub-paragraphs 2, 3 and 4 should be given 
if poedble, althoi^h this is not absolutely necessary. 

7. "Maleriats to be fwrniahed attd icork to be done bjf and at 

the expense of the Pttrehater." 
Consideration should be given to the items listed in this 
paragraph and note made of any deviation therefrom. 

18. 'Transportoiion." 

A definite statement should be made as to whether trans- 
portation is to be furnished for men, tools and materials or for 
either. 
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50. "BuadiiuftmHdatioiu." 

61. " InUrlodctng ttation." 

52. "Power honte." 

It should be dearly stated whethv the contractor is to 
tnct tho buildinffs ■"" their foundationH, the dimensloiis &nd 
Bpscificationa bdng g^ven if such is the case. 

54. "LightiTtp for bwUdingt" 

When electric lightine for any of the buildings is deeired, 
paiagraphfl a, b, c and aahould be Med out. 

60. "Plana." {Pomr Plani.) 

61, "EngvM." 
70. "Motor." 

85. "Storage baUery." 

Definite infonnation must be givai as t« the power supply. 
The ampere hotir capacity and numba" of cells of the battery 
should be specified as well asthe capacity of any chargiiu 
apparatus desired. Data on pa^ 1&4 to 159 of this Handlraok 
will be of assistance in determining the proper capacities for 
the batt^y and chai^ng apparatus. 

100. "MaehiTu." (IiUerlodcing Machine.') 
While a properly pr«3>ared track plan will determine the 
size and arrangonent of levers in the inteilocking machine, it 



502. "Track eircuila." 

The number and arrangement of track circuits to be installed 
should be shown on the plans or covered in the specification. 

506. "Eketrie lyjhtiitg cfrenita." 

The infonnation called for in this section should be eivai, 
attention being called to pages 127 to 130 in this Handbook, 

510. "SpedtU eiremtt." 

Typical plans of special circuits may be furnished und^ 
this section or the circuit requirements stated, in which event 
the contractor will submit typical proposed circuits with the 
estimate. Pages 133 to 139 aS this Handbook are devoted to 
Electric Locking circuits, the data being based on the R. S. A. 
classification of the different types of circuits, 

621. "Size." {Wirt and Wvnng.) 

The data as to size of wires under paraeraph " f " should be 
given when track circuits are to be installed. 
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ELECTRIC INTERLOCKING LEVERS INSTALLED 

AND UNDER CONTRACT 

January 1, 1913 

Nuiiil)^ Tola! 

AtchinBOn, Topeka & Santa F6 RV, 40 1348 

Atlanta, BimunEhani & Atlantic R'y, 1 48 

Atlanta Terminal Station, 2 184 

Baltimore & Ohio 19 880 

Birmingham Terminal Station, 1 144 

BuBato Creek R. R„ 1 84 

Canadian Pacific R'y, 3 40 

Central of Georeia R'y. 1 52 

Central R. R. of New Jersey 1 28 

Chattanooga Union Station Co., 1 120 

Chesapeake & Ohio R'y, 7 212 

Chicago& Alton R. R., 2 108 

Chicago & Eastern Illinois R.R., 4 136 

Chicago & Milwaukee Electric, 1 32 

Chicago & Northwestern R'y 35 2100 

Chicaio& Western Indiana R. R., 1 24 

Chicago, Burlington & Quincy R. R., 7 464 

Chicf^ Great Western R. R 5 128 

Chicago, Indianapolis & Louisville R'y (Monon), 1 28 

Chicago, Milwaukee & St. Paul R'y 10 416 

Chicago, Rock Island & Pacific R'y, 5 494 

Chicago, St. Paul, Minneapolis & Omaha R'y, . 5 80 

Cincinnati, New Orleans & Texas Pacific R'y, . . 6 208 

Cleveland, Cincinnati, Chicago & St, Louis R'y, . 13 566 

Copper Range R, R., 1 40 

Cumberland Valley R. R., 3 24 

Delaware & Hudson Co 2 64 

Department of Public Works. British Columbia, 1 28 

Detroit & Toledo Construction Co., 1 82 

Detroit River Tunnel Co 4 264 

Elgin, Joliet & Eastern R'y, 2 72 

^eR. R 11 614 

Galveston, Harrisburg & San Antonio R'y, ... 1 40 

Grand Trunk R'y 2 60 

Gr»t Northern RY 6 200 

Gulf, Colorado & &nta F6 R'y 1 48 

Houston & Texaa Central R. R., 8 248 

Houston Belt & Terminal R'y 3 140 

Hudson & Manhattan R. R 10 128 

Dlinois Central R. R. 20 824 

Kansas City Terminal R'y 1 66 

Kentucky & Indiana Terminal R. R 1 66 

Lake Shore & Mich^;an Southern R'y 28 1778 

Lehigh Valley R. R., 9 384 

Long Island R. R., 2 68 

LouMville £ NashviUe R. R., 4 IP' 
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Vxgttbtr Total 
Nunc la Rand at FhaU iimrt 

Louisiana R'y& Nav^tion Co.. 1 28 

Michigan Central R. K., " """ 

Hissouri Pacific R'y. 

Morgan's Louisiana & Texas R. R. & S. S. Co., , 
Naahville, Chattanooga & St, Louia R'y. . - - - 
New York Central &HudaonRiv«R. R., . . . 
New York, New Haven & Hartf(»d R. R., . . . 

Norfolk £ Weetera R'y, 

Northern Pacific R'y, 

Northweotera Elevated R. R 

Oregon Short Line 

On«onJffashingtonR.R.£ Navigation Co., . . 

Pacific Electric R'y 

Pecos & North Texas Ry., 

Pennsylvania lines West of Httsburgh 

Pennsylvania R. R 

Peoria & Pekin Union R'y, 

Pere MarquMte R. R., 

Pittsbura^ & Lake Krie R. R.. 

Railway^gnalCo.,ofCanada (Grand Trunk R'y), 

San Francisco-Oakland Terminal R'y, 

Savannah Union Station 

Southa^ Indiana R'y 

Southan Pacific Co., 

Southern Railway 

Spokane & Inland Empire R. R. 

Terroinal R. R. Assn. of St. Louis, 

Texas & Pacific R'y, 

Tidewater & Western R. R., 

Toledo & Ohio Central R. R 

Toledo R'y & Light Co., 

Toledo R'y & Terminal Co., 

Toronto, Hamilton & BuSi^ R'y, 

Union Pacific R. K 

Wa^ington, Baltimore ft Annapolis Electric R'y, 

Western Pacific R'y, o ±ov 

Wisconsin Central R. R 3 92 

Grand Total 440 21,370 
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Angles, nieuuna ol, 388. 



Interlookins pluita inBtalled, I 

of, 4 IS, 416. 
Reprint of Prefaoe from Tayl 

|G. K. S.] Catnlogue No. 

Approooh locking. 13fl, 138 (ks al 



AnesMr, Hghtning, 371. 
A. S. C. E. nil BeotioDB, 3^ 
Avoinlai»i> »«i<ht, 388. 



BallHt. definition of giadee of, 273. 



Batteries 

BBtteriea:— (Con.) 

Seconduy, lead type storage; 
Capuity required for electrie 

Uchtinc. ISS. 156. 
CapMit)' reqmr«i for funeUou 

operatioD, 154, ISS. 
Capacity required for G. R. 8. 

plantg. 1S4-.1S8. 
Capacity required for G. R. B. 

plants, table, ISS. 
Capaoity required for indiea- 

ton, looks. Etc., 166. 
Capacity requiied tor t^iarslina 

Ewitchboard, 165, 
Capacity, reserve. 166, 157. 



Cellcc 



■r for. 1' 



Cells, number required (or ioter- 

lookiiig plants, 38. 
Charging apparatus for, 39. 40. 

Charging drcuit tor, 103. 



Charging switch for, 100. 
Charging rate of, 146, 150. 
Cupboards for. 38. ISS. 



DimenaiDns o 
146. 



R. 8. A. spedfioatious for, : 

Symbols for. 3S1,3S9. 

Usee of, 2Se. 
Primary, dry coll; 

Care ot. 2B4, 

Description of, 2M. 

Symbols for. 3Sl,3Se. 

Us« or. 203. 
Primary, gravity cell: 

Aotion ot. Z8B. 

Care of, 293. 

Oiutee for. 292, 293. 

Coppers for. R. a A., 291. 

Dnoriptian ot, 280. 

Symbols for, 351, 369. 



of, 37, 38, 14S, 



163, 1 



IS of trouble in, 153. 
Inilial charge of, 160. 
Inspection of. 163. 
Installation . R. B. A. directions 

for. 148-151. 
Jar for, 140. 

Large capacity eeUs for. 161. 
Looation at interlooklng planti, 

37. 



Beoondary, lead tj 



Saogodaiy, lead typ« «ormB>: 
Readinv of, ISS. 
Banrv* capacity nqnind. 166. 

197. 
R. S. A. dinctioM for iutalla- 

tioB. 148-1 Gl. 
R. S. A. instruetioiu [or opcra- 

tioa o[, IGl-lM. 



151 
OiiMti 



Bymbola for. 3W. 

TrDuble, Indlcatiou o[, 153. 

Two Plata celb tor. ISO, 151. 

Uha at intorlockinf planti, 3B, 
3B. 

Voltafft of, 38, SO. 

Wei^ta of colb for. 1«6. 
Battery cluirslD( apparatua (hb 

chaTcing apparatoi). 
Battery chutes: 

Symbols fot. BSl. 

Uaea of. 203. 

WeighU of , 387. 
Battery cbarciiic switch, ISO, 101. 
Baiune'fl hydromBter. compatvi 

Bewinc, f or Mib or dwarf ncul , 79 . 

Belting. 373. 374. 

BUdea lor upper qoadraiit sicnals, 



a call. 285-288 (see also 

battery, primary). 
Cantigimda temperaturea compared 

rith Fahnnbat. 302. 
Cbannal pins and bond wires, quan- 

" ' a requind, 378. 
Chariiac apparatus. gfiortrmUtn. 

Capacity required, 15B. 

Circuits for, 183. 

Description ot. 80. 40. 

Dimenuonsol, 188, 180. 

Efficiency of. 15S. 

Floor space, required for, 150, 
100. 

Input, 15B. 

IlliMtntions ol. 30, 40. 42, 4t, 
170. 

Installation data for, 150-181. 

Switchboards tor. 40-46. 

Symtnla for. 3A0. 

Weights of, 363. 
Chargiag rheostat, 40. 
Charaini amtch. battery, 180. 181. 



ee battery chuteej . 



Board feet laqldrad lor tniDking. 

Slfi. 
Board measuia. table ot, S83. 
Bolts, dimsn^ns ol. 380. 
Bonds, Impedance (see Impedance 

Bond wires sod channel pins, qi 
titln required, 378. 

Junction (see junctioD iMxa). 
HeasuriPK eoncreta. 323. 
Relay (see relay boiee). 
Switch (see switch circuit i 



Check loc 
Chutca.faattciy(gei 

ipzoach, indication and scf 
UoD loekina in ccmibuiatioi 



Approach locking, 136. 
Altvnating curmit timck, double 

nU, 273. 
Alt^natiog current timek, eUwle 

i»ll, 114-119. 
Battery charging switch. IQl. 
Qiarging, dmptiGed, 103, 
Check tocldiii:. 140. 141. 
Cross protection. S8, 80. 
Double rail A. C. track, 273. 



Approach locking, 188. 
Route locklnc, 135. 
Sectkin locking 134. 
Stick, indlcaUcHi and i 
locking in eombinatioi 
Sticfc k>ek(ng, 137. 
Interlocking matddsa, 8& 



Model 2 nritch madiiiw, 201. 
Ifodel 4 owitdi uuehiue. 209. 
Opmtins: 

Uodd2 ami Sdwaif <iciial«.83. 

84. 
Model 2A high osiibI, 22^24. 
Model 3 and 4 awitoh nuiohiiuw, 

10-22. 
Siritohboanli, 40^46. 

Model 2 switch maduue, 203. 

Modal 4 ftwitch nuohiDe, 210. 
Route lookinB. 136. 
BedJoii lookias. 134. 

DesoiiptioD of, 22-24. 

Uod^ 2 DT 3 BoIeDoid dnrf, 

84. 
Uodal a aaleiKlid dnif. 

arm. tyirfcal, 200. 
Model 2 solenoid dirazf, two 

aim, typical, 261. 
UodBl 3 sol«icud dmif, typi- 

cal, 2S2. 
Model 2 A, two poatioo, non- 

■utomatio, nmplified. 23. 
Model 2A, two poaition, non- 

automalio, ty^oal. Tl, 264, 



Motor oonneotioDB. Model 3. 

201. 
Motor oanneotioaa. Model 4, 

20fi. 
Pole chaoBer, Model 2, 203. 
Pole ohaoser, Model 4, 210. 
Symbola for, 3A4r-3fie. 
Teatiug. for [dok-up and dn»>- 
Bwoy of D. C. line niap. 276. 
Teatiog. (or pick-up and drop- 
away of D. a tradt relay, 
278. 
TeatioK, for ' 



Track: 

Alternating 

rail, 273. 

Alter 






118. 



A. a tiBok, 114- 



Btiok, _ 

locking in oomldiuUkia, 13S. 
Stick lookiDg. 137. 
fiwitehboaid: 

DcaciiptioD of, 40-46. 

ComlnuBlJoa power and opera- 

Opeiatinc, 181. 

Operating, almplified diagiam 

for. 45. 
Fower, 176-178. 
Power, Bmplified diacram for, 

Saritoh Duohina: 

Dcaoripidon of, lB-22. 
Double twitch lever, 228. 
Model 2 or Model 4. SI. 
Modal 2 or Model 4, rimpMed, 



114-119. 

Written, 331-339. 
Circuit cloaeiB, bridge, 233. 234. 
Circuit coutroilera: 

NDmenclature for, 334-336. 

Switoh (see awiteh oiicult oon- 

Symboli for,'R. S. A.. 366-368. 
Oroulai mesniro, 388. 
Clearance diagrama: 

Model 2A dwarf dgnal and third 

tail, 244. 
Model 2 aod Model 4 awitoh ma- 

ddaea, 214. 
Model 4 Bwitch machioe and third 



•rire. 19, 22, 60, 70, S3, 93, 
309. 
ConcreU, Fortland Cement: 



V of, 321. 
Foundatioikfl (aee foundatlona). 
Hudng by hand. 322. 
Mbdus by maofaina, 322. 
Froportioai of material for. 321 
Speofieatiooa, B- 8. A. for: 
CenHot, 32S. 



Ccnento: — (Con.) 



Fiminc mathw, 328. 



HiziD(. 836. 
RMafoned omenU, ; 

swd, aas. 

Stone. 320. 
Wat«r,32«. 
Wstcrproofinc. 328. 
Stonns of. 321. 
Volumo □( malaiiia for 
CoatroUen. nirouit <hh ci 



DvTtlopment of rieotrie iotariook- 

Illumiutsd track, lOS, 106. 
Tnwk. 102. 103. 
DutaiMca, ihippms. betwAcn oitiEa 
ol U- 3. Bad Caaad&, map of, 
368. 
Dimt lumDt idayB (see nlaya). 
Diract cummt gtaenUm (see ccn- 

Dottbait.&6. 

Dry cell. 203, 2»4 (m* abo bMMnr, 

primary). 
Dry mmaure, 38S. 
Dwarf ■ij"*'» (see **|fn*l* roHhaa- 



Cootrolo 
Cootnil ■ 



), 22, 70, 83, 
9 for mritchce, 19, 60, 



3(». 

Ijoobns tank (aec tankaj. 
Copper-clad wire tabla. 30T l»s 

Coppen for gravity pnmarybattary. 

2S1. 
Coppn wire lablea. 306, 307 (see 

Advantiaa of, 20. 
Apparatus for, S&-Sa. 
GItouit breaker. iadividuAj, 95. 
Cintuit brsaker. awitohboud. ( 
Cinulta for, SS. 89. 
Desoiiption of. 31-26. 88-96. 
OpeistioD of droiiit breaker fc 

at. 93. 
PoUrued reUys for, 92, 63. 
Piiudplee of. 89. 
SafeguardB, 93. 
Seotioualinaft of plajite for. f 

TtvtB for, B4. 90. 
Ub» of. 24-20. 
Cubic m 



Ib, battery houang, 3S, 15S. 



AdvantMBS of. 10. 24. 
GniuiU tor, 20, 23. 61. 71, 73. 
Duoriptioii of, IG. 21, 24, 00. 71 



Electric intorlockiDE (see ioter- 

lockins). 
Electrio iuterlockiiig machinec (see 

inlerlocldog machine). 
Eleetiic iotorlockuiK ayaMm, 15-28. 
Eleetno iatnlockiug syetem (npriat 

fn>m Catalogue No. 1 , Taylor 

SUtiial Co.), 40&-413. 
Eleotrio li^tins, 127-130 (see also 

UghtlDC). 

El«atiic loekinff: 

Approach looUuc 130. 
Circuita for, 134-139. 
Combination of basic forms of. 

138, 139. 
Deanitions of. 133. 
Dcecription of. 133-139. 
Developmoit of. 133. 
IndicatioD hMking, 137, 138. 
Route kwkinl. 135. 136. 



Dsteolor ban: 
Motion plates for, 229. 
Rail dips for, 329. 
Wdaiila of layouto toe, 366. 



«n^. 


IndlcaUns 


Enem«, (Holiiie: 


Qennstora, direct ourrentr 


BdtiDR for, 373, 374. 


Capacity of, 159. 169. 




Charging Dircuita (or, 163. 


170. 171, 176. 




Cooling tank, location of, 171. 






Engines for driving, 169. ISB. 




FaUuro to build up, 166. 




Fitting b™*« to, 165. 


OmoUdb tank for, 171, 174, 176. 




Homo power o(, 169, 198, 174. 


GeuOTal iaetraolionB for. 164. 












Installation of, 162-169. 


Lomtioo of. 171. 






Operatiou of. 162-164. 




Betting up, 182, 169. 


Speed of, 169, 171. 


Shutting down. 164. 




Speed of, 169. 


Stopping, 173. 




T«ik» for, 170. 171. 174. 176. 




TPOublBB, 173-174. 


Starting, 192. 163. 


Cannot ennk, 173. 


Symbols for. SGB. 






Ignition, 172. 


Voltage of, 162. 




Wfflghtt of. 363. 


Loss of power, 173, 174. 


Gravity ceU, 2SB-293 (see also bat- 


Moohanica] diffitulUee, 173- 






Oroundji. ciroiit for testing, 372. 






nidked by K. R., 413, 414. 


H 


T 






High Siguab (see also signal mech- 




anisms)^ 


with Cenlignide, 393. 






Masts for, 243. 


U. S. A.. 6. 


Spaomg of arms for. 243. 


FluiH for aoldeiinc (md wekiinc.299. 


Symbols for. 348, 319. 




Weights of, 366, 366. 


Bracket post. 251. 


Horse power of gasoline engines. 




169. 169. 174. 


Gaaoline engine. 169. 




Otoimd Hgaal nmet. 352. 


with speciQc gravities. 3S4. 


Model 2 one am dwarf aignal. 253. 




Model 2 two uin dwarf ngnsl, 






I 


Model 2A dwMf signal, 253. 
Model 3 dwarf idcnal, 263. 


109. 


G 








Oaaoline «ivn». 1(II>-175 (» al» 




eDdnes). 


l^oatB for, 120. 121. 


Oasolin* tub (aee tuke). 


Symbols for, 360. 


Geam: 


Wei^ts of, 367. 


OeuaiiM of. Modol 2A «i«nid, 7a 




FonnulB for, 372. 




Si>Mdof,373. 


nmt(«Mr»Uy»). 




Interloaking, introduotoi? aitiole 

ElBUic Q. R. S. tyrtam ol: 
R e—MU for ■doptiOD of. S-Il. 
eaJ*^ cd, S, 11. 



UminHi 
Useof tc 



Brnttny e^wdty nquind for, 
IM, 1G7. 

■ , of, loa-ios. 



T. 3M. 355. 



Van 



Wd^ta of, 3M. 
IndMilual ntuin win, H. 
laitailiiUaD dftts (me uudn bu 

of ^qwrmtm). 
IiuUUatioa tools, 3«0, 370. 
IruCfuctiona, mutailatim and mu 

tsiaooe (•» undv name 



InterlooUns, intmdaotoiy articla 

Elaetrio, Q. R. S. tysttm of: 
ApplialMlity of. 10-12. 
At what IrmngB ii it Booaonu* 

ATarMBBlooIQ. K. B. plants 

II. 
Comparison of Bafsty of. 9, 10. 
Coat of maintwauea of, 8. ». 
d by. S. 



B of, 11. 
anatie territory of. 0. 
ik diajmiu with, 11. 
1, e, 7, 11. 

1, dM« <rf fint, S, e. 



FlanU ioiUdkid, number of, «. 
Hydzo-pnauma^ : 

InataUaUon at, fint. 5. 
InvBitioD of. date of, G. 
Plant* iiwtaUed, number of, &, 

e. 

Hashanieal: 

Oaia of maintainera lor. & 
Compariaon of lafety of, 0, 10. 



lAtch lookinx. fiiBt uae of. 5. 
llmitationa of. A. 
Origin of, 6. 

PatoiU. fiin Kranted. 5. 
Intflriookinc EUAotiine, eteotrio: 



Oatanata, laosth of. IBO, 191. 
Qiniit brealua for, individml, 

OS-SS. 
Cbculta (or, 88. 
ContiQl of, 47-03. 



Mia, 104. 
Enetxr data tot law locks, IBS. 
FaatuiM of. <T-48. 
Frame fgr, B8. 
lUuBtiatloitt of. IS. 43, 48, 49. 62. 



IntvJoekiiic mwrhinft, elflotno 



L«9B, aumber i«Quii«l aad i 

ins, ISO, ISl. 
Leucth o{. 100, 101. 
Lever, deacription of, 56. 57. 
LevsT, illuBtralion of, GI, 56. 
Lever lock tor. 68, IBS. 
Lever, operation of. *6-63. 
Looldng for, 53-56. 
Lockiag platee and lockios. 53, 

56. 
HunteDancs of. 138. ISB. 



Number plstee for. ST 
OperatioD of tdgnal lever, 50, 53. 
OfMratJoa of awiUdi lever, 49. EO. 
FoUriied relay for, 57, 58, 02, 03. 



Teatins of, 94, 06. 188. IM. 

Tima releue for. 5S, 50. 

Unil lever l^rpe, deaoription ot, 



D« of, 18. 10. 
Wa^la of, 363, 364. 
Wirios of. typiiiel. 83. 
IntfirlookiDs itatiotu: 



Desoriptioa of, 31-36. 
DiaBrome of. 32. 34, 30 
lUiutiation* of. 31. 33, 
aiica of. 31. 33. 
Srmbok for, 3GZ. 



Jointa in *ira, 2g»-«H. 
Junotiaa bosea; 

□lustntljons of. 316. 

Naik ivquind for, 317. 

Symbola for. 351. 

Wo^la of. 367. 



Ampere hours per BgDa], 155. 156. 
Arnuiflemeat for aignaJ lishtiog. 

1Z8. 
Power required for, 127. 
Symbob tor. 359. 
Typ« used in aguid li^tiiiE, 127. 

DetocUf bar. weighta of, 365. 
ImpedaoDe bond, 120, IZl. 
8wi(«h. 218-225 (see also awitoh 

layouW . 
Lead type etorage batCeriea (aee 

batteries, aeooodaiy). 

double awitah, 228. 
Double Bwitoh, wiring of, 228. 
Notohee far lever locka, 192-IW. 

DeaoriptioD ot, SO, 63, 56, S7. 
OpoatJOD of. 60, 53. 
Switeh: 

Cros ODimaotioa wiiinc for 

double. 2ZS. 
Deaoiptum of, 40, SO, 56, S7. 
Uliutratioua id. 51. 56. 
Operation of, 40. SO. 
Wirinc of double lever, 22S. 
Lever locks (see looke) . 
T.iglirinj, eleetrie sigaal : 

Ampere houn tequind for, 155. 

156. 
Bulbs tor, 127. 128. 
Capacity of battery for, 1S6, 156. 
E^conomy effected. 127. 
Formula for. 166, 157. 
Lsmpo, iDoaiideeceat. 127, 128. 
Power required lor, 127. 155. 

166. 
Precautions. 120. 



When economioBi to use, 12^ 
I j^ ting panels (see panels) . 
lightning arrester, 371. 

locking, 5. 



Lwkilic, clectrie ((h slsctrio ki«k- 
lackiac plUcs sod looking, 63- 

Ge. 

Lockins Bbeet. M. 

ApplicnCloD to lever, IS2-1M. 
Cutting of DolchES for, 192-104. 



Eueisy data for, IBS. 
lUustnitioD of, IBS, 
InrtalUtinn data foT, 192-195. 
Notthlng o( levers lor, 192-194. 
SiwdficatioTU for, 192-194, 
Symbola for, 3M. 
Ten for deanoM of, 193, 194. 



Wo^ta of. 387. 
UvUic measiue eyitem, 390, 391. 



)1 2 dnarf ngnaJ (see agnal 
mechanisms). 
Model 3 dwikrf signal (see mcoti 

bI 2 Birilch mtuhioa («ee awileh 

Uodel 4 switch mwdiiiie Ciwe nrileh 

HotiOD plates, 229. 
Motors: 

Stortioc 'panels for, ISl. 
Switch: 
Coonectioii diagmoiB for, 201, 



wire, 19. 22, 60. 70, 83, 93, 

309. 
MaiDtcDHDOC (see under name oi 

paratus). 
MaintcDuice todle. 3flB, 370, 
MaiupulatJOD charts. 102, 103. 



MutB, R, 8, A. signal: 

Braoket. dimeosiooe of, 243. 
Bridge, dimensions of. 243. 
FoODdatJons for. 261. 262. 



Moinlenaooe of, 206, 211. 
Symbols for, 3G9. 
Voltage for, opersting. 



Input. 159. 
Bymbols for. 350. 
Eroploying D, C. motor: 
Capacit; of, les. 
Description of, 39, 40. 
Dimensions oF. 108. 
Failure to build up. 168. 
Fitting bnuhw to. 165. 
Floor space required for, 1S9, 



Tablee of, 388. 389. 
Measuring box for eoocrete, 323. 
Uechanioal interlocking <hw inte 

locking, mechanical) , 
Heahanieal lime taleasa, 58, 59. 



Illustrations of, 40, 43, 
Input, 159. 

iDBtallatJon data for, 162-168. 
Maintenanoe of, 163-1B6. 



Speed of, I6S. 
Starting of, 162, 163. 
Symbols for. 359. 
Weights of, 363. 
Motor starting pands, ISl. 



Amount required for jouctiog 

boiea, 317. 
Amount required (or trunking 



Ap[di«tian of, 374. 
Speci&Hitioiu, R. 3. A, (oi, 3 

Dimouioiu ol. 182. 
Switches for, IB2. 
Wciflhts of, 363. 

Hotor-aUiliui, IBl. 
Pilot oell, 161 (»e batlwies, i 

Pipe. HTougbt irOD, dimeunons 

3SI. 
Pifung for cneoliue euffiiu: 

CocJing tflolt, 170, 176. 

CoKliDetAnk, 171.175. 

RUDDiog WStOT. 170. 

Plan, track. 51. 

Piute, pover, G. R. 8. (see po' 



f , G7. 68, 92, 03. 
26, 93. 
)f, 68, 62, 188. 189. 



U. e. A. Speeineadoiu 

' changer: — (Con.) 







OperatioB of. 63. 64. 




Testing of, 204, 206. 




Wiring tor, 203. 




Model 4 Bwitoh maohine: 




Description of, 68. 








Maintenance ol, 211. 








Wiring for, 210. 




niypimsB relays (see reUjiB A 


O 



Uaets for, 243. 
WeigbtB of. 365, 
Power interlocking (see ioterlock- 



Description of, 37-40. 



Location of, 37. 

Switchboards for, 40-46 (see also 
switchboards) . 
Power switchboards (see switch- 
Primary battories. 2S5-2M (see 

also batteries, primajy). 
ProlAGtion, croaa (see erase proteo- 

Pulleys, 372. 

B 

Racks, battery, illustrations of, 37, 

Rail clips, E. Z. matjon plate type, 
229. 

of. 376, 



Copper for gravity oell, 291. 
Electno generator, 166, 167. 
Hectno mterlocking. eitnw' 



B. 8. A. SpeciflcatlDai 


B<ib>r> 




Belaya:— (Con.) 




Boxnfor: 


fmm: 




TninklBi. iuiunicD ba» and 


Wei^ta of, 307. 


mipporM. 312. 313. 




Win and wirins, 297-299. 


Direst Current; 


OmuUdc oiglDe, 174. 17S. 


Box« for. 27S. 


Leul typa itonte bUtary, 147- 




154. 


EnerEy data for, 265, 267. 


Ponlud oatMOt eoQcrato, 325- 


IlluBttBtioM of. 100. 101. 


328. 






THrting of, 278. 
Wei«ht« of, 380. 


343. 


SinmliiK pnotin, 343-347. 


Ea^Kr data for. 265-274. 


Symbob. 348-350. 




VoltiMI. nns». 2B2. 




Eno lor «r«vity eril, 2»0. 


Boetsy daU for, 271. 




Weichta of. 386. 


Battery ohutaa. 292. 


Model 1,D.C.: 


Battery )u. nnd tny ud ooTflr, 




144. 


Eneraar data tor. 286. 


Bl>d« ror upp« qudnot mvb. 


Bodatanca of, 26G. 


249. 


Teat for pick-up aod drop. 


Btaoket pogt tnuta. 243. 


away. 276. 


Bridpi ■coal mama, 243. 


Teat for neiataaioa of etaitacta, 


Caustio soda primary mU, 388. 


276. 


Onppecs (or cravity batt*rr. 2fll. 


Wei«hl« of. 366. 








Boxce for, 274. 


mart. 2S2. 




Ground alsaal maata, 243. 




SpeMMle, Demgn "A," 248.260. 


Ederoy data tor, 271-274. 


Bp«t«Ble, D«ign"B."248. 




Zino tor gravity battery. 290. 


Ttmt for reeiatanoe of ocmtacta. 


R. 8. A. Bymbola: 


276. 


CbartinB wpamtoi. 3B9. 


Woabta of, 386. 


CSrcuit BontroUera, 31»-3B8. 


HodBl2, Forms, A. C: 


Circuit plana, 364-3S9. 


Bom for. 275. 






Locftti™. 360-3S3. 






Energy daU for, 271. 






Sgoala. 348, 349. 




Smtehn, deisila. cite., 3fi2, 3fi3. 


278. 


Truck plana. 348-353. 


WfliditB of, 366. 




Model3, FotraB, A. C: 


boad»). 


Boxa for. Z75. 


Rdsya: 




Alternating Durreot: 




Boi« tor. 274, 276. 






Teat for tcurtaiiee of eontaeta. 




278. 


Energy data for. 271, 273. 274 


Weit^ta of, 366. 




Uodfd 9, D. C. ; 


Selection of. 109, 110. 


Boiea for, 275. 


Typei ol. 110-112. 




Vdibte of. 386. 


Energy daU for, 267. 



Krivi 


SitnalM 


Relsy: — <Co«.) 


Safety of Q. R. 8. «lMtrie uiterlock- 




ing: — (Cm.) 










Teat for piak-ap and drop- 


Tfiet of, M, ee. 




Sand; 




Concrete. 825. 


278. 




Wsi^Uof. 36a. 


Quantitie. of, for oonereto, 324. 


Model Z, Form B. A. C: 




. Boi» (or, 27S: 


Wdgfati of, 38a. 




Sorew rdeaei) (eee time releaw). 




SeomdaiT b&tteriea (■» battuiea. 


Energy data for, 371. 










M. 




Seetional route looldu. 136. 136 


Wsi^u of, see. 


(sea al» eleotrio loekiiia). 


Motor. Th™ PoMtioo, D. C: 


Section iDokin,. 134. 136 (eee atao 


Bom for, 376. 


eleotrio bddns). 










EuHgy dmU for, 2fl7, 268. 


olee}. 








U. a. and Canada, map of. 


378. 


368. 


Wei^toof. 36a. 




PoUiiied (sw pal>ri»d nday). 


weidile). 


Symbota lor, 354, 361f. 




T»lin|: 










Priudplce of riaoal indicatJouB. 


Hitee Porition D. C. Motor <«» 


343. 


Relay, Motor): 






343. 




Sisnab: 


Symbota for, 3S1. 


Automatio bloek: 


Wdshbi of, 3a7. 


Bans of adoptioD in Ameriiw. 


Releue. time (see time relea»). 


9. 


Route lockinc. 135, 130 (see alM 


Peroentaee of American Hail- 


dectiieloflkins). 


waya osaaled. 0. 




Typefinrtueed, B. 


s 


Blades tor upper quadrant. 249. 




B»eket mane lor, 243. 




Brides maste far, 243. 


Dyimmio iodumlion, 24. 


Control wire for, 22, 70, 83, 308. 


Eleotrie lightiin tor. 127-130. 


Q. R. a. nyitoro, 24-2fl. 






GrouDd maate lor, 243. 



ei-es. 

Teste for oroae protoetioD, M, 96, 
Safety of O. R. S. eleetrio luterlook- 



ol dwarf, 16. 74, 75, 

83,86. 
nioitratione of hi^, 17, 22, 2G, 

81. 
Indicatione, prinoiptee of, 34" 
laterlocldua: (ese ngnal mf 



SISB>U 

BigBBli:— (Cm.) 

UsobuiiBma (■» alcnal nwohu- 


SIVWl* 




l™.). 






SiM of oontrol wi™ tor. 308. 


Symbols for, 348, 340. 




WaWita Qt, aWi. 368. 


Storing of, 237. 


SgoMl b]md«. 240. 


Tola for, 240. 


Sicoal li^Unx. 127-130 (» ■!» 


TyjMfd cinniit. tor. 71, 2M. 


licfatilll). 


26S. 




W«gfa(a ot. 368- 


CircuiU for |Ha oinniiU. liciial). 




Control win tor. 23. 70. 83. 808, 




Dwul. nloioid (■» Krinoid 


OmmU for. 73. 2M'2Gft. 


dwarf nignili). 


Clwnp bearing for, 79. 




Control of, 72-7S. 


micindintion). 


Control win for, 22. 83. 308. 




Daoription of. 81,82. 








Dwut bearing for, 79 








ot.24. 




G«ni.okM«iceo(,78. 






HMbod of taplDC irir« to. 2*4, 




Storing of, 237. . 


82. 








Length of eontiol wiie for. 




308. 






Lubrioation. 280. 241. 




Oiling di.enun,. (or. 238. 240. 




Sp«I*ole ndjustmenta tor. 230. 




T«t. for, 240. 


24*. 


MhU (or. 243 


Namn of parts lor. 80. 




Oiling diagram lor. 238. 




Operating data fop. 241, 


arcuibi for, 23, 71, 2S4, 256. 


Bite ot oontrol wire for. 309. 


Clmp baring for, 78. 




Control of. 70-72. 




Control wire for. 22, 70, 308. 


82. 




Storing of. 237. 




Testa lor, 240. 


32-24. 


Typical cinuite for. 73. 266- 




zse 


tagn of, 21. 


Wii^Uol.SM. 


]>nr(b«riD«for,TO. 


Uodol 3. operating data for. 241. 


0«n, el««nMof,78. 


Modrf 7, opet»tln« daU (or. 241. 




Uotor drivHi (•■• Uodel 2A mg- 


InBtallatioD ot. 237. 


nJ.). 


Lffligth ot control wire tor. 308. 


Op«»ling sod indioatiog circuits. 


Uvor operation for. SO. 63. 






Solenoid dwarf (hs scdemnd 




dwatO. 


Method of taplDK.wir« to, 244. 


Symbols for. 3*8. 3*9. 




Tyrrioal circuite for (see circuits). 


Oiling dugranu tor, 238, 240. 


Types of. 70. 


Oporating d>t* lor. 241. 


Wsi^ts of. 306-380. 



SlnsbiBaU 


Bwttch 


Sltula nil A. 0. tnok einuitJi, 111- 


Stakes: 


IIB {lee liao tnck mrauit 




A.C.). 


Wei^to of. 367. 


Solimoid dwul KXaaia: 




ModriSr 


also interlookioc Btation) . 


Circuits foi, S*. 200, 2ei. 


Stick looking, 137 (*ee <U« eleotrio 


Control of. 83. 84. 


locking). 


Control wi» for. 83. 308. 


Stone: 




CoQciele, riie for, 32S. 








Quaotitieg for concrete. 324. 






Laii«th of coDtiol wins for. 


apedfic gravity of, 386. 


308. 


Wn^t^ of. 388- 


Nama of puU for. SS. 




Oiwriting datu for. 241. 




SI» of control W.IH for, 308. 
W«^ta of. 3M. 


Switches: 


cirouita, 160, 161. 


Model 3: 




Cinsuita for. 84, 202. 


Panels for («epanela). 


Control of, 83, 84. 


Symbols for. 3fi7. 358. 


Control win for. 83, 308. 




D«oriptioD of, 86, 87. 






Cross protection circuit breaker 


Foundmtion for. 2S3. 


for, flO-02. 


IlluBtrsUoD o(. 88. 


Doecription of, 45, 46. 


Length of Mntrol »ir«a for, 








NBm« of parts for. 87. 


Llghling panels for, 182- 


OpentiiiE data for, 241 . 


Loeatioo of, 37. 




Polarised nlay for. 92. 93- 
Simplified oircuits for, 45. 


Si» of oontiol wire for. 308. 


Wd«ht» of, 366. 


Weights of. 383. 


Bold«n<: 


Wiring for, 181. 


PluxB tor, 299. 


Power t. 


Wire jaiau. ZflS, 303. 


QescriptJOD of, 40-45. 


8p«ific gravity ol: 




Brick, etc., 388. 




Cement, etc., 386. 


Location of, 37. 




Lighting puwks for, 182. 






Eaeotrolyte. 146. 


Simplified circuit* for, 43. 


Liquid*. 386. 


Starting panels'tor. 181. 


MetBb,3S7. 


Weight* of. 383. 


Band, etc., 3S8. 


Wirings for. 178-180. 


Btone, eu,.. 386. 




Wood,38S. 


trollers). 




Switch circuit oontroUera: 








«odri3, FormD: 






CtampbenkaBfor, 7a. 






Waght. of. 366. 


Dwuf liearinss for, 79. 


Model 4: 


Torque oiUTM for, 260. 




Squmie meanin, table of, 383. 





Switeh diBoit sonUnllna: — (Cml) 
IIa<Wfi,rormA: 
AdliuUble MUD for. 281. 
0am for, 331. 
DtMriptloD (d. 98. 



Wsishts oT. see. 

Switch layouts: 
HwM 2 nritdi madkine: 

I>«ibl« alip >wit«h, 323. 

H^PMdaiul, 230. 

llDTBUe must trac, 224. 

Movable point boa with double 
■lip awitoh. 33G. 

Sinlle dp nritob, 222. 

ODde (witdi, 31B. 

Blv iwUdua. 322. 223. 

Split point derail. 219. 

Wei^ta <rf. 304, 306. 

Wharton or Hordn denil. 321. 
Hodd 4 Bwitoh loaf^De: 

Double aUp ewitofa, 233. 

Hayn denil. 330. 

Uov^ila point tiag. 224. 

HovablB point fnf with double 
riip iwilah, 23S. 

On^ sup awiteh, 222. 

Blaile iwitoli, 318. 

Slip nritdlua 222. 323. 

apitt point demil. 219. 

Weigh ta of, 3ft4, 305. 

Whftrton or Uorden deni). 321. 
Switch machiae : 
Model2: 

if, 201-204. 



Adva 



le indioa 



tionot, ' 
anuita for, 30, ai, 230, 23S. 
Oeanince oompored with Model 

4 switch mMihine. 214. 
Control of. SO. 
Cootnil wire for. 19, 60. 308. 
CroH prDt«tioD for. 34-30. 
Cycle oF nuiTenients of. 313. 
D»«cription of, 64-67. 



eription of 



19-22. 



for, 



Double lever for, wiring of. 228. 
DriUinc of look rod for, 20fi. 
I^tuimic indication for, 21. 24, 



iwitoh madkuM:'— (Cob.) 
Uodela: 
ImUeation adestor lot. SS. 
IiBtallation data for. 199-200. 
L^nMits for. 21S~32S. 
LcBcth of control wire for, 306. 
Irnw. UliBtntiona of. 51, B6. 
Lever, op«nitlaii of, 40. SO. 
Uaintenaniw of, 199-206. 
Uotor eoaneetaans of, 301. 
NaouB of pBita for, 06, 300. 
Oparaliiia data for, 214. 
OpentioD of, 60-67. 
OlMcatioB of oontralUns lever 

tor, 49-SO. 
Pole ohanter for. 04. 
Pole ehauei moveoMiDt for, 

303. 
Pole dkancer virtue for. 203. 
Baf^uaidi of, 01-63. 
BimpUfled oinniit for, 20. 
ai» of oontnd wire for, 306. 
Sprint: MtBchmwt for, 63. 
Btorins of, 199. 
Bwitch onniit oontrollera for 

(aee mritoh eircuit control- 

Im). 
Terting of, 304, 20fl. 
Tie framing for. 190. 
l^me of opention ^1, 22, 214. 
Toole for maintenanoe of, 3S9, 



Welshts of, 306. 

Hodel4. 

Adjurtmeot of, 200, 310. 
AdraatageB of dTnamic indict 

tioD of, 34. 
OrouitB for, 20, 61, 237, 228. 
dearaaoe between third rail 

and, 31S. 
ClnuBnoe compared with Hodd 

2 Bwilch maohiae, 214. 



19, 00, 308. 

[or, 24-26. 

>f, 313. 



CoQtiol wire f> 
Croat protflfltii 
Cycle of move 
Description of. 67-69. 
DcMiiption of oirouil 

19-32. 
Dimennona of, 317. 
Doable lever for, wiring i 
Qynamio indication for. 



witch machiM: — (Cm.) 
Uadal4; 

Indieatlan Hieetor for, fiS. 
InstoUatloii dkta tor. 207-Sll. 
Layouts for, 2IS^2S. 
Length of coatml win for, 308. 
Lever. iUustratiooB of, Al. Gfi. 



Nomn of puta (or, 88. 208 
Oper&ting d&ta for, 314. 
Opemtioo of, 87-00. 
Operation of oontrolUns lever 
for, 49. SO. 




174-1 7S. 

Taylor (Q. R. 8.) eleotrle int«1«k- 
ing iTBtem (reprint), 406- 



SiM of ocntrol wire for. 308. 

Btorins of, 207. 

Ehrit<ii oirouit coatroUen for, 60. 

Tntins of. 210, 211. 

Third reU cteanuice for, 21G. 

Tie framing (or, 207. 

Time for operation of, 214. 

Toob for ouiiriteDsnce of. 36Q, 

370. 
Typical eireiiita for. 20. SI, 

227,228. 
Wei^ti of, S6S. 
Etyinbolii iat, 350. 
Switoh mechanism* (»e nritch ma- 

Switeh opmittDS mediaoisma (»e 

Sjrmbole: 

Lever oontaata. Model 2 int«r- 

toeldns iiuchiiw336. 
R. 8. A. Btaiidard: 
CharEiDg apparatus, 350. 
Circuit eontiollen, 356-3G8. 
Cireuit plana. 354^54. 
Instrumcola, 367-360. 
LocabUm, 360-3S3. 
Belaya, indicators and kwlu. 

364, 366. 
SiCnala, 348. 349. 
Switohes, derails, etc.. 362. 353. 
Track plans. 34B-363. 



Tallies (see under name 
Tanks; 

Cooling, for gasoline 
Capacity of. 174. 



Ceali«cad« aoales. 3B2, 303. 
Teat on a. TL 8. eleotrie plants, 
10, U. 

feet on meehanioal plants. 10, 



Transformer, 122, 123. 
Teeta (see under name of apparatu 
Thermometer soales: 

Comparison of Fahreoheit aj 

Csatisnde, 392, 393. 

Threads, U. B. standard sore 

3B0. 
Tie tnuninc: 

Uodal 2 switch raaobine, 100. 

Model 4 switch machine, 207. 



Electrical. 133, 134. 



Byubds fc . 
Tools. mainteQaneo. 360-370. 
Towns (see inlflrlocking stations). 
Track oirouits; 

Altanuitinc current, doi^le rail: 
Bonds for, 120, 121. 
IJiasram of, 273. 
Enercy curves for, 273. 
Impedasoe bonds (or, 120, 121 
Relayi for (see relays A. C). 
TransfoniietB for (see trans- 
formers). 
Alternating current, nngle rail : 
Advantagnof, 114. 
Central energy schane. 117- 

DeMtiptlon of, 114-llS. 
— ams of. 118. 117. 
ty ivquirad for, 116. 



^•■utormen : — (Can. ) 
SesDoduy truk- 

Dwciipiion ol, 123, 124. 
Dimenaioni of. 282. 
lUiutratioo ol. 123 
Ratine al 



nauDc ai. 2S2. 

Weight of. 303 

WlndincB for, I 

Symbols for. 359. 

Tmokiag: 






BooUeg for. 319 

Csrwdtl- of, 314. 

Capping tor, 3 IS. 

CoMtniotion of, 31Z, 319. 

DUDeOBioiu of. 315. 

Hooks required (or, 317 
Jointe ID, 312, 315, 
Junction bra for, 313, 316 
Neils required for, 317. 
Punt required for. 374, 
Stuewa required for, 317. 
Saotions of, 31S. 
Specificalione tor, 312, 313. 
Staltea for. 312, 313. 
Supporta for, 312, 313. 
Surfacing of. 315. 
Table for detenaining siie of 
Wcighla of, 367. 



Metals, 38?'. 
N'nils, 382 

Pipe, aai. 

Sand, etc., 384, 
ShippiQg: 

Battery cshutea, 367 

Bracket posts. 365. 

Cantilever bracket, 366. 

Cau^Tie apparatus. 383 

Detector bar layouts, 365 

Dummy mast, 36S. 

©""irf signals, 396. 

Fixed arm, 366. 

GoQflralors, 363. 

Impedaoee bonds, 367. 

Indicating relays, 366 

Indioalor groups, 36a., 
iQdicatom, 366, 307. \c 



Wclgbt 




Zlne 


Weight : — (Cm.) 




Wire;— (Con.) 


Shipping: 




Copper-clad, table of. 307. 




363, 




3S4. 




Individual return. 94. 


Jsmctioa boxes. 307. 




Iroo, tabto of, 306. 


L»« lock, 3M. 




Rubber-eovend copper: 


Utbti-Vt p««li, 363. 




Conduit for. B.e of, 314. 


Locking, 364. 










S. A.. 297-299. 


Posts for relay boiee, 367 




jDinU, 298-304. 


Relw boiBB, 367. 






Ed.ys,3fle. 






EUKQals, oomplBt*. 363. 366 






Sgnais. dwMt, 386. 




of, 311. 




2A. 


Solderioc of. 304. 


366. 




Splicing of. 298-304. 


Stakes. 367. 




Tegs tor, 299. 






Taping of. 303, 304. 


Switcb circuit wotroUen, 366. 


Truoking tor. sob of. 314. 


S«il«h nnuit aoatrollBr rada. 


Steel, table of. 306. 


366. 




Symbols for, 3S9. 


awitoh Imyout., 364. 366. 




Waghts of. 300. 307. 


Switch machiaes, 366. 




Wirings (see ciiouilji. abo name of 






apparatus). 


TrunkinB. 367. 




Wood, apeoifia gravity and weight 


StaDe,eto.,3S6. 




of. 386. 








T»bl» of, 388. 389. 




DeKriptionof,331,332. 


WbI«, 3Sfl. 






Win, 306. 307. 




arcuita. 334-336. 


Wood. 386. 






Welding, fluxes for. 299. 




Indicator oontacla, 336. 


Wire: 




K»ife switch, 336. 


310. 
CommoD Tetum, IB, 22, 60, 70 


per. 


Latch eontaot, 336. 


83, 


336, 






Operated unila, 332-334. 










308! 


Relay conla^ta, 335. 


Copper (see alAO rubber-covered) : 


TeiminaU, 336. 


CwTying capacity of, 310. 










Wiree, 337, 338. 


Plia« for soldering. 299. 




Ulustrations of. 338, 339. 


Gauge for. 305. 




Plans involved, 331, 332. 


Hard drawE, UbI. of. 307 




Use of, 331. 


Interlocking specifications 




Wrought iron pipe: 


8. A.. 297-299. 




Dimennon. of. 381. 


JiHnU in. 298-304. 




Wright of, 381. 


Soft drawn, table of. 306, 






SoldHing of, 303. 




Z 


SpHdng of. 298-304. 






Taping of, 303. 301. 




Zinc for gravity battery cell, 290. 
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